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INTERDEPARTMENTAL CORRESPONDENCE 


TO JL Engel/SG Oxley/ cc Distribution B 
FD Me Laughlin/RA Aniidor 

Data Bank (2) 

SUBJECT Thematic Mapper File 

Program; Revisions to 
Specification GSFC 
400. 8-D-201 


oate-9 June 198l;227jp 
ref.HS236^154 

FROM E. A, Dawson 
org.44-03 


BL0G.S41 

LOC.se 


MAIL ST A. 3353 
EXT. 88182 


Contract Modification Number 70 incorporates the Change Notices 
listed below, copies of which are attached for your review. Please forward 
your comments to me by 15 June 1981 and advise if these Change Notices 
are acceptable as written, and whether incorporation thereof affects either 
cost or schedule. Note that NASA/CSFC states Ln the contract modification 
that a credit proposal is due. I would appreciate some justification offsetting 
the need for a credit proposal. 


GSFC 400. 8-D-201, Revision B 


Chanee Notice No, 


Description 


Deletes the shock test requirements and 
changes the sinusoidal vibration test ra> 
qulrements. 

Deletes the contractor choice of perform- 
ing either acoustic noise or random 
vibration test, delete.s acoustic noise 
tolerances and changes the acoustic 
noise test levels. 


If you have any questions, please call me. 
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TO: J. B. Young 


SANTA BARBARA RF.SKARCH CENTER 

4 Sudif<f(sry ot Hughet Atrcrstt Comps/t^ 

INTERNAL MEMORANDUM 

CC: Distribution 
Data Bank (7) 

Optics File 



REF; 2221-525 

HS236-7876 


SUBJECT: Flight Model, Test IA-01: 

Coarse Focus/MTF/Shim Requirement 


FROM- 

BLDG. 

EXT. 


P. E. Thurlow 
MAJLSTA. 

6267 


Coarse focus MTF was run vs Z axis location of the reticle wheel in 
standard IA-01 test configuration and procedure. After test metho- 
dology and results were stabilized, two coarse focus runs were made 
to show repeatability of results. 

The attached graphs show MTF along/cross track vs Z axis offset 
from home position of the reticle wheel, using detector “ Band 4, 
Channel 9, and spatial frequency ■» 30 meter bar, (107.7 cycles per 
inch reticle bar frequency). 

MTF 

Over various trial runs - peak MTF was in the range .49 + .01 both 
along track and cross track. 

Best Focus Location ^ 

From the plotted data, center points of the MTT patterns were found 
to be ; 

Cross Track Center = Home - .012.” + .001" 

Along Track Center = Home - .024" + .001" 

Best focus location is selected at center of the Cross Track MTF 
profile (HOME - .012"). From the along crack profile it is esti- 
mated that along track MTF will be approximately 0.47 + .01 at the 
compromise focus. 

Shim Thickness Recommendation 

From Che dial indicator readings tabulated for Home position and 
collimator focal plane. Home is found to be - .066" on the Z axis 
relative to the focal plane (i.e.. Home lies between the focal plane 
and folding mirror). 

The "best focus location" described in the previous section lies 
- .012" with respect to Home, or - .078" from collimator focus. In 
order to move ‘^'best focus" to collimator focus, a move of . 078" in 
Che -f Z direction is required for the TM focal plane image . This 
requires a move of the focal plane array from its present location 
coward the secondary mirror. A reduction in shim thickness is therefoi 
indicated . 
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2221-525 

J. B. Young -2- HS236-7876 

Flight Model, Test IA-01: Coarse I'ocii:; /MTF/Shim Requirement 


The shim thickness reduction, based on the above best focus of 
cross track image is; 


shim 


IHhiL i 


(- 


078") 


95.995 
109 . 22 


(- . 078 ") 


-. 0602" 


The recommended shim thickness reduction is larger, and is based on 
moving Che compromise focus another 2 mils in the -Z direction (to 
- .014" with respect to Home). This location moves the along-Crack 
focus slightly closer to the alor.g-track MTK peak (still about -10 
mils away), and slightly further .‘'ron the steep part of the along-track 
MTF slope. Ac the same tine, the cross-track focus is still within 
1-2 mils of peak MTF location. The resulting sliim thickness reduction 
is : 


shim 


( 95.995 ) 
1 109.22 I 


(- . 080 ") 


-. 0618 " 



Paul E. Thurlow 
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TO: J. L. Engel 

CC: Data Bank (5) 

DATE: 

17 May 1982 


Optics File 


HS236-7992 


Distribution 
L. M. Candell 

REF: 

2221-590 

SUBJECT: Effects on MTF for 

R. N. Thomsen 

FROM: 

J. B. Young 

Flight Model System 




Due to Variation of 




Telescope Moisture 


BLDG. 

Bll MAJLSTA. 

Content 






EXT. 

6180 


TM Flight Model bands 1-4 FPA were focused In lAOl without coapensatlng 
for the effects of the graphite epoxy composite structure moisture 
content. The magnitude of this effect is calculated below. 

The equation used to calculate the detocus (AF) caused by a change 
of the primary-secondary mirror spacing (Sp_g) is 

AF - -(M^+l)ASp_3 

where • Sp_g Aa and 

M Is secondary mirror magnification 
Aa Is a change In mlcrostraln due to 
a change In moisture content 

Assuming that the FPA was focused during lAOl with a strain of 
35 s 10“^ in. /In., the defocus In orbit after the graphite epoxy 
structure has dried out will be 

AF - -(3*+l) (22) (OxlO~®-35slO"®> 

• 0.0077 inch 


The associated effect on HTF la obtained by converting this defocus 
(AF) to Ite equivalent value at the collimator focal plane and then 
using the HTF vs change of focus data generated In lAOl. 


AFcoll 


/2FLcoLL\*/ip 
\EFLtm I 

(i09j 2|* 0.0077 » 0.010 Inch 


For convenience the lAOl HTF focus sensitivity curve Is shown as 
Figure 1. From Figure 1 a change of O.OlO Inch of focus changes 
the HTF frot 0.483 to 0.46 for a ratio of 0.46/0. 483 •• 0.95. 
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J. L. Engel 
Effects on MT? for Flight Model System... 


The predicted effect on final flight model SWR Is obtained by 
extrapolating protof light (PFM) data. SWR for PFM were in the 
range of 0.41 to 0.46. Applying the flight model moisture 
defocus effect of 0.95 to these values would result in 0.39 to 0.44. 

In conclusion! even though It would have been appropriate to 
compensate for at least a part of the moisture content effect 
the above analysis Indicates that the effect should not jeopardize 
meeting the TM SWR specification of 0.35. 
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INTERNAL MEMORANDUM DO NOT' ^VE 


IA03R Coarse Focus 
Deterr.ir.ar ion , Cold 
Focal Plane 


J. Campbell 
R. Dicic 

E. Kelly 

F. Nicholas 
T, Sciacca 
D. Young 
Data Bank (6) 


27 May 1982 

Kli- HS236-8005 
2221-600 

KHOM w. J. O'Donnell 

BLOG 311 MAILSTA, 78 
r.xT 637 3 


ihe Thenatic Mapper cole focal plane best focus position v;as 
feund CO be .289 +42 from the collimator best focus (long 
focus), or a .0558 +Az at the T/.M cold loca) plane (short 
focus). This dimension was determined by the following 
formula ; 


lay Optics System S.F.T.. ‘ 

Cci I ima ter E . F. I. . 


X 2 Focus Error at Collimator Focus = 


Focus Error at Cold Focal Plane, or; 

4 8 

~ 0 g~~. ^ 2 5 ^ .289 = . 0558 +^Z Focus Error (Short) 
Correction: Shi.m Increase 


CPAEAKiAL LfWS THCo^r) 


^ ft cv5 



.OSS 6 



C ■ O ^ 

W., J. O' Donnell 
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TO: J. B. Young 
R. V. UowitC 


SUBJECT: TM Spectral Matching 


CC: Optics Flic 

Data Bank (6) ‘ 


DATE: March 1, 1982 

REF: 2221-520 

HS236-7873 
FROM: M. J. Gra<>y 

BUX;. MAILSTA. ^8 

EXT. 6269 


Band 

X (ua) 

Desired 
Transmission 
Ratio Between 
End Points 

Filter Chosen 

Actual 
Transmlssio 
Ratio Eetve 
End Points 






1 

.45- .52 

1: .83 

Corning 4-70 

1: .81 

2 

.52- .60 

1: .78 

Corning 1-57 

1: .80 

3 

.63- .69 

1: .46 

Corning 4-69 

1: .44 

4 

.76- .90 

1; .41 

Schott KG2 

1; .39 

5 

1.55-1.75 

0 

1:1.38 

Corning 4-67 • 

1:1.32 

7 

2.08-2.35 

1:1.56 

Corning '-59 

1:1.57 

Figure 

6 displays the transiaisslon 

curves for the above filters 
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J. B. Young 

R. V. Howitc 

TM Spectral Matching 


March 1, 1982 

2221-520 

HS236-7873 


It should be noted that the last column above represents nominal 
catalog values only. One of these filters is presently in-house 
(Corning 1-S7) ; the rest will need to be ordered. 

Flgrre 7 shows the test layout. The TM is oriented with its 
optical axis at 30* to the normal of an 18" flat which folds the 
collimator output. The flat is removed and the 48" integrating 
sphere placed In position. After calibration, the 18" flat is 
set back In place and measurements are made using the collimator 
output. After Initial alignment, it will not be necessary to 
move the TM during the test. 
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IKTRODUCTIGN 

This IDC examines the potential and the rationale for replacing .ACOl 
with a combination of existing data and analysis. The role of ACOl within the 
test program is considered in order to show that existing data can be analyzed 
to meet the program requirements. Representative examples of the proposed 
analysis are performed and are included. 

REQUIREMENTS FOR ACOl 

From a system test perspective, ACOl meets two objectives. They are 

11 Determine compliance with the specification for spectral coverage 

2) Provide a data base for AC02 which will verify spectral matching, 
set the channel gains and calibrate radiometrically for bands 1 
through 5 and 7 

A prerequisite for both these objectives is obtaining relative spectral response 
curves for each band and channel of the Thematic Mapper system. ACOl would 
experimentally obtain this response. 

The next section shows how existing spectral data can be used to analyti- 
cally derive the relative spectral response. 

RELATIVE SPECTRAL RESPONSE 

The relative system spectral response, Rj^(?i), of the b band of the system 
is giv en by 


Rb(X)=T^b^\) Rb(M 


o97C CS P63 72 


whe re 





Tob = Spectral transmission of optical system for band b 

Tfb = spectral transmission of filter for band b 

= relative response of detectors for band b 

T b is simply the product of the spectral reflectances of all the mirrors 
between ^e filter and object space. For bands i to 4, the mirror surfaces 
include the scan mirror, the primary, the secondary, and two SLC mirrors. 
For bands 5 and 7, the surfaces of the two relay mirrors between the 
ambient and cold focal planes must be also included, is then 

whe re 

Pj^ = average specular reflectance of ith mirror surface 

i = mirror surfaces, beginning with the scan mirror 

n = number of mirror surfaces: 5 for bands 1 through 4, 7 for 
bands 5 through 7 


To illustrate the process, representative reflectance values from 
HS 236 — 5843 were substituted into Equation 2. The specific values used 
were from Table 4, S/N 202, Run 2. Assuming all surfaces have the 
same tonal spectral reflectivity function which to a satisfactory approximation 
is independent of the angle of Incidence, the optical transmission was com- 
puted from Equation 2. Relative spectral response functions of InSb and 
HgCdTe detectors were obtained from the SBRC wall chart. Relative 
response for silicon was obtained from Elements of Infrared Technology. 
Generation Transmission and Detection by Kruse, McGlauchlin, and 
McQuistan. 

Optical transmission (t b). relative detector response (R?^, and 
their product x R^), are fraphically presented in Figure 1. Figure la 

covers the spectral range incorporating bands 1 to 4. Figure lb covers 
bands 5 and 7. Figure Ic covers band 6. For convenience in interpreting 
the results, the nominal spectral region for each band is indicated at t.he 
top of the appropriate figure. 

The significant curve in each figure is the bottom, TqJ, x R^. When 
multiplied by Tf^, this function becomes the relative spectral response, 

Rb> of the system. 
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To Illustrate this method, the system spectral response was calculated 
for band 2 and is presented In Figure 2. The filter response curve is from 
HS 236-5905, band 2, sample number 2-1 as measured by OCLI. The com- 
bined optics/detector response is from Figure 1 normalized at 650 nm. 

F rcm Figure 2, two observations are relevant: 

1) The impact of the combined optics/detector response is chiefly 
to alter the average slope of the final system spectral response 
and to narrow slightly the half power point measure of bandpass, 

2) The fine structure of the spectral response (e. g. , the two humps) 
is contributed completely by the filter transmission function. This 
is because the combined optics/detector response function is 
very smooth and very nearly linear within the band. 


ACCURACY OF SYSTEM RELATIVE RESPONSE 

The procedure leading to the result presented in Figure 2 used data 
from three sources. The filter transmission curves are from witness 
samples coated at the same time the flight hardware was coated. These 
spectral transmission measurements were made using a Cary 14R , a 
precision dual beam instrument designed for this purpose. 

The optical transmission was calculated from surface reflectance 
measurements performed by SBRC. The smoothness of the spectral reflec- 
tance in the spectral regions of interest permits a good estimate of this 
parameter throughout these regions. Typical detector spectral response 
curves were used since these detectors are both well understood and smooth 
in the regions of interest. Because of the smoothness of these functions, 
their product is well approximated oy a straight line within any of the bands 
1 through 5 and 7. Figure i illustrates this. 

From Figure 2 it is clear that the filter response dominates the 
system spectral response. The combined optics/detector response primarily 
changes the slope of the top of the system bandpass and the bandwidth. If 
the combined optics/detector were not very nearly straight lines (within each 
bandpass), a more complex impact on the system response would result. 

Much more detailed data would then be required of the optics transmission 
and detector spectral response functions in order to analytically determine 
the system response. 

In my judgement, the above procedure will produce a fully satisfactory 
system spectral response for two of the program objectives wnich would be 
satisfied by ACOl. The result will be quite adequate for verifying compliance 
with the specification for spectral coverage. It will also provide a satisfac- 
tory spectral response function, or data base, for the radiometric cali- 
bration procedure of AC02. 
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b) SANDS 5 AND 7 

FIGURE 1 (CONTINUED), COMBINED OPTICAUDETECTOR RELATIVE RfSPONSE 
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FIGURE 2. BAND 2 SYSTEM SPECTRAL RESPONSE 
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SLnce the above procedure considers spectral response only on a band 
by band basis, it cannot determine compliance with the spectral matching 
specification. This issue is addressed in the next section. 


SPECTRAL MATCHIMC COMPLIANCE 

Spectral matching is concerned only with the matching of the spectral 
rc£iponse of individual channels within a band. Consequently, the optics 
spectral transmission which effects all channels equally is not a factor. Only 
the filter response and the detector response are unique to each channel. 

The detector spectral response is a property of the material for solid 
state detectors. The spectral response ca.n he altered by doping, by changes 
i n the device crystal structure, and by thin film coatings on the surface which 
enhance or retard the entry of specific wavelengths into the detector. 

The Thematic Mapper detectors should not have any significant 
impurity gradient along the channel axes of the ba.nds. The detectors of each 
band are simultaneously fabricated on a common substrate to produce a 
or. form crystal structure. An antireflection coating , if applied, would 
similarly have a .negligible differential impact between channels since it 
would be applied simultaneously to the entire band. 

Localized differences in the spectral transmission cf the interference 
filter could cause variations of the spectral response between channels of a 
band. This is because the filter is placed very near the detector array so that 
each channel looks through a different part of the filter. 

Localized variations in the spectral transmission function could occur 
in two ways. A lateral gradient in the thickness of the multilayer dielectric 
films will cause a lateral gradient in the spectral transmission function. 
However, when a filter is coated, it is mounted in a vacuum chamber 
position which minimizes any lateral thickness gradients. Purely statistical 
fluctuations in the coating thicknesses could also cause local variation in 
the spectral transmission function. The coatings are, after all, very thin, 
especially bands 1 through 4. 

Spatial uniformity of the spectral transmission function was experi- 
mentally investigated using the witness samples for bands 1, 2, and 3. 

These three, of course, have the thinest film layers and would be the most 
susceptible to random layer thickness fluctuations. A description of the 
testing and the analysis is presented in the Appendix. 

The experimental design described in the Appendix is tailored to 
produce a very conservative estimate of the probability of meeting the 
spectral matching specification. The most conservative estimate is that 
there is a 80 percent probability that all 96 channels will meet the specifica- 
tion. Less conservative, but readily defensible assumptions, lead to a 
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97 percent probability that all channels will meet specification. For various 
reasons discussed in the Appendix, both estimates are conservative and the 
actual probability is most likely higher than 97 percent. However, hard 
data to support a'higher value do not exist. 


m 


s??- 


Finally, it is worth noting that if the allowed mismatch were 1 percent 
rather than 1/2 percent of the minimum saturation radiance, the probability 
of meeting the specification becomes virtually 100 percent. This is true even 
with the most conservative set of assumptions. 
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Users of the Thematic Mapper Imagery will have a variety of unique 
interests and perspectives. However, they will share some common features 
of the Thematic Mapper radiometric imaging system. The more significant 
are discussed below. 

Spectral Resolution. The spectral resolution of the Mapper is 
essentially determined by the bandpass filters. Fine structure of the earth's 
spectral radiance will not be observable below the resolution limits set by 
the filter ba.ndpasses. Similarly, fine structure of the filter spectral trans- 
mission function or, more generally, the actual channel spectral response, 
will not significantly increase or reduce the information content. 

Hypothetical cases can be constructed in which the information con- 
tent would be effected. For example, if a user were trying to discriminate 
a feature such as a narrow spike in the earth's spectral radiance func ion, 
and the band within which the spike fell contained a coincident narrow but 
deep dip in the spectral response function, then the ability of the Thematic 
Mapper to reliably discriminate and measure the presence of the spike would 
be impaired. For this hypothetical case, the information content of the 
Mapper imagery would be clearly reduced. 

However, the broad spectral bands specified for the Mapper were not 
intended to detect and discriminate narrow spikes. The bands were carefully 
selected based upon previous emperical data, to detect features which are 
characterized by broader spectral differences and which are also of interest 
to the user community. 

Fortunately, the spectral filters which OCLI was able to supply do 
not have any deep dips within the nominal bandpass. The filters produce 
spectral response functions which will serve very well in characterizing the 
broad spectral radiance features of the earth. 

Spectral Coverage. Since the fine structure of the Mapper band 
spectral responses will not significantly effect the ability of the instrument to 
characterize the broad spectral radiance features of the terrain, these 
questions arise: why is a tightly controlled specification of spectral coverage 
necessary and how important is it that the specification be met? 
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To address these questions, it is necessary to recognize that the 
Thematic Mapper is part of an historical, series of instruments. The imme- 
diate predecessor the Thematic Mapper is the MSS series. Other instru- 
ments, perhaps a more advanced Thematic Mapper, will surely follow. 

If the imagery from an instrument were never compared to that 
produced by its predecessor and if that imagery would never be used as a 
reference for the imagery of future instruments, there would be little need 
to specify in detail the spectral response of the bands. Given two instruments 
with matching spectral responses between coresponding bands and appro- 
priate radiometric calibration, an arbitrary terrain spectral radiance will 
produce the same set of measured values from each instrument. The ratio 
of the output between two bands in one will equal the corresponding ratio in 
‘.he other. 

if the corresponding bands in the two instruments do not have the 
same spectral response, an arbitrary spectral radiance will not generally 
produce the same results. The degree of difference in result depends in a 
complex wav on the degree of difference in the two spectral responses. 

The spectral response of the corresponding .MSS bands do not match 
those o* the .Mapper either by design or specification. Thus, the empirical 
data b.'. . ' developed by the .VISS series to characterize, say, the growth and 
matu.'i.ng of a wheat crop cannot be used without qualification as a Thematic 
Mapper data base. This is not to suggest that the .MSS data svill not be used 
to estimate the response of the Them.atic .Mapper, but only that the band 
ratios and radiance values will be different. 

correlation between the MSS and Thematic .Vlapper responses to 
various ground truth and atmospneric conditions will be developed as the 
Thematic .Mapper and .MSS are flown together on the sam.e satellite. However, 
because of the bandpass differences, the useful data base for the Thematic 
Mapper will be developed by the Thematic Mapper. 

From t.his discussion two conclusions are reached 

1) If the Thematic Mapper should fail by a small margin to meet 
some part of the spectral coverage specification, the utility of 
the first instrument will not be effected in any way. 

2) If the Thematic Mapper fails by a small margin to meet some 
part of the specification, the specification should be waived. 
However, the specifications for any future instruments should 
be modified to match that of the flight instrument. This mod- 
ification will ensure that the data base developed by the initial 
Thematic .Mapper will be valid for the future instruments. 

Radiometric Calibration. .A. user perspective of radiometric calibration 
should reflect an appreciation of how the Thematic Mapper data will be used 
and how the atmosphere will effect the orbital radiometric performance. 
Consider first the atmospheric effects. 
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All other things (season, latitude, etc.) being equal, the atmosphere 
will effect the apparent spectral radiance of a point on the earth's surface. 
For the solar reflection bands (I through 5 and 7), atmosphere's absorption 
and scatter will alter the following: 

1 ) The spectral irradiance of the scene on the ground and the 
geometry of the irradiance. Depending on tne atmospheric 
aerosol content and structure, the dominant irradiance of the 
scene can range from direct sunlight (on a cloudless, high 
visibility day) to pure diffuse (when the scene is in a 

cloud shadow). 

2) The atmospheric path spectral radiance. Single and multiple 
scattered light from aerosol (Mies) and molecular (Rayleigh) 
scatter will be superimposed upon image forming light reflected 
irom the scene. 

3) The image forming light from the scene will be attenuated by 
atmospheric spectral transmission. 

The Thematic Mapper will have very limited ability to destinguish 
oetween the scene and the atmospheric path spectral radiance. Consequently, 
atmospheric conditions can significantly alter the spectral data collected by 
the Thematic Mapper. .Moreover, the atmosheric phenomona which can 
cause these effects are often highly localized. 

.■\11 this is simply to point out that the atmosphere can significantly 
alter the accuracy with which scene spectral radiance can be obtained from 
Thematic Mapper data. If sufficient information is available about the 
atmospheric aerosol structure, the Thematic Mapper' data can be much 
improved by atmospheric modeling. However, unless the spectral path 
radiance and transmission are considered, accurate scene spectral reflec- 
tance estimates will only be available when the atmosphere is clear. 

The atmospheric path radiance and transmission will be dealt with 
in one of two ways. If the local aerosol structure of atmosphere is available 
from other Landsat D instrumentation, then modeling of the atmosphere can 
be used to correct the data for scene spectral reflectance. Otherwise, 
empirically developed measures and/or ground observations will be used to 
establish when the atmosphere is sufficiently clear and to make small cor- 
rections for the atmospheric effects. 

At this point, it is helpful to again recall that the data base which 
will permit a quantitative interpretation of the Thematic Mapper's imagery 
also will be empirically derived. Measurements obtained from previous 
instruments will provide a useful first estimate, but the ultimate data base 
must be derived from the Thematic Mapper itself. 
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With this background, it is possible to rank in order of importance 
those radiometric properties which will most concern a user of Thematic 
Mapper imagery. In my judgement, the following sequence is appropriate. 

Radiometric Stability and Predictability . Since the data base for 
Thematic Mapper imagery will be empirically derived over considerable 
time, the radiometric performance of the Thematic Mapper must be highly 
stable and predictable. The requirement here is that the Thematic Mapper 
radiometric response at a particular point in the orbit be known with respect 
to its response at all previous times. This can be achieved by built-in 
stability, by correcting for such variables as focal plane temperafare, 
by inflight calibration, or by some combination. Provisions for all of these, 
of course, are incorporated into the Thematic Mapper specifications 
and design. 

Inflight calibration here implies only that the radiometric response 
can be a corrected to match that of a previous time. N’o level of accuracy, 
either absolute or relative between bands, is implied. The historical value 
of empirically derived data will be preserved if this correction can be made. 

Dynamic Range. It is essential that the scene radiance plus the 
atmospheric patii radiance fall within the dynamic range for each band a.nd 
channel. This condition must be met for all scene and atmospheric conditions 
of serious interest to users. On the other hand, too much dynamic range will 
not make optimum use of the digitizer. A compromise which meets this 
requirement is specified as the mini.mum saturation radiance. 

Signal-to Noise . The analog signal- to- noise plus the quantization 
noise associated with the digitizing process determine the accuracy, with 
which a particular pixel's spectral radiance can be determined. This should 
be as high as current detector technology permits. 

Relative Band-toBand Calibration .A.ccuracv . If the relative calibration 
accuracy between bands is high and two instruments have well matched spectral 
response functions, then the data base band ratios developed by one instrument 
can be applied with minimal correction to the other. However, even without 
a high relative accuracy, surface features of known spectral reflectance (e.g,, 
fresh snow on a clear day) can be used to quickly relate two instruments. 

In the case of the first Thematic Mapper, the previous instruments 
(MSS series) did not have the same spectral responses in the comparable 
channels. Thus, the MSS data base will not be directly applicable. 

Absolute Calibration Accuracy, Absolute calibration needs to be 
accurate enough to permit dynamic ranges of the channels to be correctly 
set, A high accuracy should be helpful in quickly relating the imagery of a 
new instrument to the data base produced by a previous instrument. However, 
as noted above, a scene of known reflectance can also be used to quickly 
relate the responses of the two instruments. 
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Absolute calibration is necescary if the atmospheric aerosol structure 
is available and atmospheric modeling is used to corx’ect the flight imagery. 

Fine Structure of Spectral Coverage. It is only important that future 
instruments which will use the Thematic Mapper data base match the spectral 
coverage of the first instrument. 

Of these six radiometric properties, the first three are clearly more 
essential to the Thematic Mapper user than the last three. If the instrument 
is stable, the dynamic ranges are correct and the signal- to-noise ratio is 
adequate, a valid data base can be developed to quantitatively interpret the 
Thematic Mapper imagery. Precise relative (i.e., between bands) and 
absolute radiometric calibration, while useful and desirable, are much less 
critical to the user. This is true because the data base will be empirical 
and because a resonably good correlation between instruments can be devel- 
oped from a combination of ground based measurements and orbital data. 

The above discussion is not intended to suggest that the specifications 
for relative and absolute radiometric calibration be relaxed nor that the 
radiometric calibration test (ACOZ) be changed in any significant way. It 
does intend, however, to point out chat small improvements in the accuracy 
witn which radiometric calibration is performed are of very limited value 
to a user. It follows, then, that significant commitments of program 
resources would not be justified to achieve small improvements in radio- 
metric calibration i.e,, improvements in the order of 1 to 3 percent. 

It is quite possible that the relative spectral response generated in 
ACOl would be more precise than that obtained from existing data using 
the procedure illustrated in the section Relative Spectral Response, 

However, this is not necessarily the case. While conceptually sound, .ACOl 
is a complex test which will require a lot of time to perform. In any case, 
it is unlikely that the few resulting differences in relative spectral response 
would alter the relative or absolute radiometric calibration by as much as 
3 percent. .An uncertain improvement in the radiometric calibration accuracy 
would provide little justification for performing .ACOl. 
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This section describes a simple modification of AC02 which would 
permit spectral matching to be verified. The test is similar in concept to 
the test described in the Appendix, but is designed to test the entire 
instrument. 


The modification consists of including a minimum of one additional 
radiometric data collect at an appropriate integrating sphere radiance level 
for eac.h band. The additional data collects would be performed with spectral 
filters covering the aperture of the Mapper. The spectral filters would, on 
a band by band basis, conservatively approximate the slope differences 
bet^^’een the flat and sloping spectra of Dr. Vincent Salomonson's 26 March 
19T9 Memo. 


For bands 1 through 4, Wratten Filters 66, ,40, 34A, and 102, respec- 
tively, are suggested. Each of these filters exaggerates the slope difference 
specified in Dr. Salomonson's memo. Meeting the specification with these 
rilters would thereiore mean that the actual specification would be exceeded. 

The Wratten filters are available in 250 mm 'ov 250 mm format on a 
special order, 60 day delivery basis. Four such tilters, taped together, 
provide a 500 mm by 500 mm filter which will cover the Thematic Mapper 
aperture. The tape should be narrow and opaque or the filters should overlap 
slightly to avoid leakage. 

The spectral data which Kodak normally provides on Wratten filters 
is not sufficient to select appropriate filters for bands 5 and 7. With more 
spectral data, suitable Wratten tilters can probably be selected. Alternative 
filters are also available from a variety of sources, e. g. , Corning, Jena, 
Schott, etc. 


It should be noted that bands 5 and 7 are significantly less likely to 
have spectral matching problems. The filter dielectric layers are much 
thicker and thus less subject to small local statical variations in thickness. 
Also, the bands are well removed from the wavelength at which the detector 
(In-Sb) cuts off. Thus, if bands I through 4 were tested and passed, bands 
5 and 7 would be unlikely to fail. 

The integrating sphere radiance which should be used with each filter 
needs to be carefully selected to place the resulting in band radiance 
(i.e. , sphere plus filter) at 80 to 90 percent of the minimum saturation 
radiance for the band. This will minimize the impact of quantizing and of 
analog channel noise on the measurement. Choosing the correct integrating 
sphere radiance is simply a matter of multiplying the average in band filter 
transmission times the candidate in band integrating sphere radiances and 
selecting the one imrriediately below 90 percent of minimum saturation 
radiance. To ensure that at least one radiance level is suitably placed at the 
upper end of the dynamic range, it would be prudent to obtain a filtered 
radiance on each side of the chosen valve. 
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An analvtical procedure similar to that outlined in the Appendix could 
be followed to analyze the data. However, the following procedure would be 
simpler: 

Assume Vu- is the mean value of the Mapper digital output of band b, 
channel c when the appropriate W ratten filter is placed in front of the aperture. 
Vbc would then be corrected using the calibration constants (gam and offset 
as functions of focal plane temperature) to produce the corrected value. Vfac 

Dr. Salomonson's memo expressed a preference that the gains 
corrected to exactly match with the sloping spectra and the spectral matching 
criteria be applied to the flat spectra condition. The V should 
be further corrected to Vbc which has the same average value as the flat band 

radiance, Vbf- This is accomplished by 

16 Vbf .j. 

Vbc = 16 V'bc ^ 

z 

c -1 

The spectral matching criteria can then be applied as 

r . • 1 < “56 (2) 

Vbc Maximum - Vbc Minimum | - 


for bands b = I through 5 and' 7. 


CONCLUSIONS 

From a program systems test view point, ACOl accomplishes two 
objectives: 

1) It verifies compliance with the spectral coverage specification 

2) It provides the data base for radiometric calibration, gam set, 
and verification of the spectral matching specification which will 

be performed in AC02. 

Except for spectral matching, these program requirements can 

met by analytically determining the system spectral response 

using existing data. The procedure for doing this is illustrated m the section 

on Relative Spectral Response. 
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Spectral matching is influenced by variations in the spectral response 
between detectors in a band and by localized variations in the spectral trans- 
mission of the band filter. For the Thematic Mapper, the filters were the 
most likely cause of spectral matching errors. 

To establish the contribution of the filters to spectral mismatch, the 
witness sample filters for bands 1, 2, and 3 were investigated using a 
microdensitometer and appropriate Wratten filters. Details of this investi- 
gation are included in the Appendix. 

The witness sample investigation concluded that the probability of 
meeting the spectral matching specification on all 96 channels ranged from a 
very conservative dO percent to a conservative 97. 4 percent. In fact, the 
actual probability is Likely to be higher, but the data to support a higher value 
can not be obtained from the witness samples because of their physical 
condition. 

If a system level confirmation of compliance with the spectral matching 
specification is required, a simple addition to the AC02 procedure and analysis 
would suffice. The addition, described in the section Spectral Matching Test, 
would approximate the slope differences of the specification with readily 
available filters. 

In short, the program objectives which ACOl is Intended to meet can 
be easily met by an analysis of existing data and, if it is considered necessary, 
a minor addition to the AC02 data collect and analysis. 

A qualitative analysis of the needs of Thematic Mapper imagery users 
concluded that the most important radiometric properties were high stability/ 
cor rectability, good signal-to-noise, and proper setting of the dynamic range 
(or minimum saturation radiance). Of much less importance were absolute 
and relative (between bands) radiometric calibration accuracy and fine 
Structure deviations from the spectral coverage specification. Relative cali- 
bration between channels within a band must, of course, be very precise. 

The principal benefit of precise spectral coverage contxol is that future 
Thematic Mapper-like instruments can use the data base developed by the 
first instrument. To achieve this benefit, corresponding channels of the 
future instruments should match the spectral coverages of the first. 
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RECOMMENDATIONS 

The following recommendations are made 

t 

1) The currently planned ACOl test should be dropped. The test 
is soundly conceived, but costly in terms of schedule and 
program resources. 

2) The system spectral response on a band -by-band basis should 
be obtained using the analytical procedure presented in section 
Relative Spectral Response. This will provide the necessary 
data base for determining compliance with the spectral coverage 
specification and for AC02 (radiometric calibration and gain 
set). 

3) A careful review should be conducted of the results of the 
spectral matching investigation (filter microdensLtometer tests) 
reported in the appendix. I feel that the remote chance 

(< 3 percent probability) of failing to meet the spectral matching 
specification will not justify further testing. If a system level 
test is required, the simple addition outlined in the section 
Spectral Matching Test should be incorporated into AC02. 

4) In designing and interpreting the radiometric/spectroradiometric 
test program, emphasis should be placed on four properties of 
key importance to users, 

a) A highly stable radiometric performance. This property 
may be achieved through software correction, for 
example, for the focal plane temperature. 

b) A high signal-to -noise , per specification. 

c) Accurate gain sets to achieve the proper dynamic range 
and minimum saturation radiance. 

d) Precise relative calibration between channels within a 
band. 

5) If the Thematic Mapper should fail by some small margin to 
satisfy all of the spectral coverage specifications, we should 
recommend to NASA that the requirement be waived while 
the specifications for future instruments (i. e. , those which 
will rely on the data base of the first instrument) should be 
written to match the first instrument. 
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APPENDIX 

FILTER - MICRODENSITOMETER TESTS 


INTRODUCTION 

These tests were performed to qaantify the impact of the interference 
filters on, the ability of the Thematic Mapper system to meet the spectral 
matching" requirement. Witness samples for bands 1, 2, and 3 were used 
as representative of the flight hardware in these tests.' Bands 4 to 7 fell 
outside the spectral range of the microdensitometer photomultiplier and, 
therefore, witness sajmples for these bands were not included. 

The basic approach was to simulate the way the filters will function 
within the Mapper system. This simulation was performed twice for each 
filter: once representing the flat spectra of the spectral matching specifi- 
cation' and once representing the sloping spectra requirement. 

The resulting data were analyzed to determine whether statistically 
significant variations in the spectral transmission function occurred. 


SLMULATION 

The basic instrument used to simulate the function of the filter in 
the Mapper was a Perkin Elmer PDS microdensitometer. For those unfa- 
miliar with the instrument, it is briefly described in an extraction from 
Perkin Elmer's advertising literature included at the end of this Appendix. 

The simulation was accomplished by setting up the microdensitometer 
to sample and digitize’ the optical transmission through a 0. 004 inch by 
0. 004 inch square aperture projected on the surface of the witness sample. 
The 4 mil dimension is the seime as the detector dimensions for bands 1 to 4, 
thus simulating a detector immediately behind the filter surface irradiated 
by an f/6 cone of light. 

To simulate the difference between the two spectra specified in 
Dr. Salomonson's memorandum. Kodak Wratten filters were selected for 
each band. Table A-1 summarizes the relevant data from his memorandum. 

GSFC 400. 8-D-210, Paragraph 3.2.8. 1, modified by Salomonson's memo. 
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TABLE A-1. SPECTRAL MATCHING SPECIFICATION 


Band 

Spectral 
Radiance at 
Lov/er Band edge, 
mw/cin2 sr - (j.m 

Spectral 
Radiance at 
Upper Band lodge, 
mw/cm^ -$r - (j.m 

In Band 
Flat Radiance. 
mw/cm2 -tr 

Minimum 
Saturation 
Levels, 
mw/cm2 -sr 

1 

5.7 

10.0 

0.45 

1.00 j 

2 

9.9 

9.1 

0.77 

2.33 

3 

3.2 

7.8 

0.25 

1.33 

4 

13.2 

14.1 

1.93 

3.00 

5 

2.3 

1.7 

0.4 

0.6 

7 

0.47 

0.41 

0.12 

0.43 


For bands 1 and 3, filters were chosen which exaggerate, the rela- 
tive slopes specified in columns 2 and 3 of Table A-1. The spectral trans- 
mission and the specified relative spectral radiance of columns Zand 3 are 
presented in Figure A-1. Note that the relative spectral radiance was nor- 
malized to match the peak filter transmission value within each band. 

The filter £cr band 2 was chosen to greatly exaggerate the 
Salomonson slope. To do otherwise would not have provided a sensitive 
measure of localized variations of the spectral transmission function. 

The transmission of each sample point on a witness sample was 
measured twice, once without any filter in the optical path ard once wit.h the 
Wratten filter appropriate to the particular witness sample inserted into the 
path. The clear path transmission represents the flat spectri’m (column 4 
of Table A-1) while the Wratten filter transmission represent.s the sloping 
spectrum (columns 2 and 3 of Table A-1). 

It should be recognized that this is a less than perfect simulation of 
the conditions reflected in Table A-1. An ideal simulation would take into 
account the source, sensor, and optical transmission spectral character of 
the microdensitometer, as well as the detector and optics transmission 
spectral character of the Thematic Mapper. The complexity of a more pre- 
cise simulation was avoided by choosing filters which in each case exagger- 
ated the in band Tlcpe specified in Table A-1. The test is therefore more 
sensitive to localized variations in spectral transmission than a more pre- 
cise simulation would be. 


; 
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Five separate raster scans were performed on each witness sample 
to produce five 20 by 20 sample arrays. The arrangement of these arrays 
on the witness sample is illustrated in Figure A-2. 

The sample points of the arrays are on 4 mil (100 pm) centers with 
a positional accuracy of 40 microinches (1 pm) (The projected aperture 
is also 4 mils square as noted above. ) The arrays then simulate the 
approximate dimensions of both the detector apertures and the individual 
ivlapper band arrays which are 16 elements long. 

For each witness sample, this procedure produced 2000 discrete, 
orthogonal transmission values without a filter in the optical path of the 
micro densitometer. A second set of 2000 tran.smission values were 
produced with the appropriate Wratten filter in the optical path. The second 
set of values correspond on a one-to-one basis with the first: each pair 
represents the transmissions at the same location on the witness 
sample. 


Finally, the gain of the photometric channel was adjusted for each 
setup (combination cf witness sample and filter or no filter' to produce th-t 
same average digital value of transmission. T.he advantage of this 
adjustment will be discussed later. 



I* 
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ANALYSIS 

The probability of meeting the spectral matching specification can be 
obtained by examining the statistics of the function p, where p is defined as 

p^ = - kB^ (A. 


where 

A^ = i^^ transmission value of b*^ band witness sample taken without 
'.V ratten filter in optical path 

*5 b 

B. = corresponding transmission value to A. taken with appropriate 

\V ratten filter in oath 


= constant 


If there were no localized variation in the spectral transmission 
function and no noise in ♦’he microdensitometer photometric function, then 
there would exist a constant k such that 


Pi = - kB^ = 0. (A-2) 

The gain of the photometric channel of the microdensitometer was 
adjusted so that Equation A-2 is statistically satisfied with k equal to one. 
However, since both noise in the photometric channel and localized variation 
in the spectral transmission function are present, the actual value of p? is 
seldom zero. 

The measured values of A?^and B^ and the calculated value of p!^ always 
contain the effects of microdensitometer'channel noise. What is needed for 
this analysis is an accurate estimate of the variance of p with the effect of 
photometric channel noise removed. To obtain this estimate, a distinction 
is made between the measured variances of p, A , and B and the actual 
variances which would be obtained without channel noise. Then the following 
definitions apply 

2 

(T = variance of p calculated from measured A and B, 

including channel noise 


= variances of p which would be obtained if no channel noise 
were present 
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= v'ariance of A including channel noise 


= variance of A without channel noise 


= variance of B including channel noise 


variance of B without channel noise 


= variance of the channel noise. 


Since k is equal to 1, Equation A-Z leads to the following relationships 
between the variance 


■ ■’’am ' B M 


=^A • ^ B 


and since the noise is additive and noncor related 


* "^A " 




Substituting Equations A* 5 and A>6 into Equation A- 3 obtains 


2 2 
<"a *‘"b 


and substituting A-4 into A-7 




which solved for g- yields 
P 


y"pM 


(A-91 
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The actual error which results from localized variations in spectral 
transmission is proportional to the signal level. For this reason, a more 

useful form is a fractional standard deviation, <r' , where a-' is defined as 

P P 


(T 

P 


_ "^P 
- 


whe re 


(A-10) 


<A> 


= ave rage of A ^ 


It is now necessary to calculate the number of standard deviations, 
y, which would produce an error equal to the ILm,t specified in paragraph 
3. 2. 3. I of GSFC 4C0. 3-D-210. This limit was 0 5 percent of the minimum 
saturation level. If Dr Salomonson’s suggestion is followed that the 
calibration be performed on the sloping spectra icoiumns 2 and 3 of Table A-li, 
and the criteria be applied to the flat spectra, then v is obtained from 


y 


0. 005 X. ,, 
Mo 



.V 


:bf 


(A- in 


whe re 


N.,_ = minimum saturation radiance (column 5 of Table A-1) 

.vlu 

X,__ = in band flat radiance (column 4) 

Substituting Equations A-9 and A>10 into A- 11 produces 


y 


a!! of the parameters Equation in A- 12 are either specified by NASA or 
obtainable from the microdensitometer array data. 

For a single channel of a particular band, the probability P, (<y) of 
exceeding the NASA specification can be readily obtained from norrnal 


0. 005 <A> N, 




(A-12) 
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dLsbribation tables. Since the channels are independent, the probability, 
i<y>, of all sixteen channels simultaneously meeting the specification is 

Pb«y 

for bands 1 through 5 and 7 and 

Pb«y' =[Pb<<y']'^ 

for band 6 . 
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COMPUTATIONS 

From the digital data generated by the microdensitometer raster 
scans, values were calculated for <A> and o"pM • For bands 1, 2, and 3, 
the values were calculated directly from the data. For bands 4, 5, and 7, 
the average values from the band 1 to 3 calculations\were used as represen- 
tative. 


A noise value, <r^,, was calculated from a histograun of microdensi- 
tometer values taken when the instrument was not scanning. A normal dis- 
tribution curve was fitted to the histogram in order to obtain an accurate 
value of . The minimum saturation radiance, band flat 

radiance, N'tbF< obtained from Table A-1. 

The above values were substituted into Equation .4,-12 to obtain the 
appropriate y values. From these y values, corresponding single channel 
probabilities, P-^, were obtained from normal distribution cables. These 
values were, in turn, substituted into .-V-13 to obtain t.he probability, P^< 
that all channels of the band will meet tne specification. 

The results of this process for bands 1 through 5 and 7 are|Summa- 
rized in Table A-2. The probability chat all channels in a ban... P^* will 
meet the specification is indicated in the right hand column. 

An additional paramf»ter of interest is the probability, P-p» that all 
channels of bands 1 throug^i u and 7 will meet the specification, ^ This 
probability is 0. 80. it is obtained by multiplying together the P^, values for 
these bands, i.e., 

'’t = , . Pb 

0= 1—3 , I 

The microdensitometer signal-to-noise ratio is readily obatined by 

S/N = <A>/ 


TABLE A-2. SUMMARY OF COMPLIANCE PROBABILITY COMPUTATION 
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Substituting from Table A- 2, one obtains an average S/N of 259. 

This average compares with a specified Thematic Mapper S/N ranging from 
45 for channel 7 to 240 for channel 4 (GSFC 400. 8-D-210), Rev B, April 1978). 
For an equal sample size, the microdensicometer accuracy are comparable 
to the best which would be obtained from the Mapper digitized data. 


ASSUMPTIONS 

There are two key assumptions in this cinalysts: 

1) The witness sample filters for channels 1 through 3 are conser- 
vatively representative of the flight hardware for all bands. 

21 The relative spectral response of detectors within a band are 
essentially the same. 

The first assumption is supported by several factors. ‘First, the 
witness samples showed some evidence of abrasion (especially channels 
1 ana ii which could very w'ell cause localized variations in the spectral 
transmission function. If these abrasions had not been present, the values 
of would have been lower and the Pjj values would have all been nearer 1. 

Channels 1 through 3, of course, have the thinnest layers in their 
dielectric stack. .4.3 a result, small localized variations in the thickness of 
a particular layer would result in larger fractional changes in the spectral 
transmission function than would a similar variation in a layer of channels 
4 through 7. Thus the choice of channels 1 through 3, a choice dictated by 
the spectral response of the microdensitometer PMT, is conservative. 

Finally, the simulated sloping spectra of channel 2 is much more 
severe than is specified for any of the channels. This adds another conser- 
vative element to the data acquisition and analysis. 

As an example of how these factors cause a more conservative 
estimate of the probability of meeting the specification, assume that the 
channel 2 witness sample which showed the least abrasion was more repre- 
sentative. Then the <Tp{^ for all channels would be 5. 595 and the probabilities 
that bands 1, 4, and 5 will meet specification are 1. 000, 0. 990 and 0. 984. 

The probability that all channels will meet the specification is 0. 974. Noting 
that the in band spectral radiance slope for channel 2 was greatly exaggerated 
(see Figure A-1), it is certain that a more representative slope would 
further improve these probabilities. 

The relative spectral response of the detectors is determined pri- 
marily by the material (Si, In-Sb, a-nd HgCdTe) and only secondarily by the 
structure. Since the channel detector of a band is formed on a single chip, 
stiructural differences between channels of a band are minor and will have a 
negligible effect on their spectral responses. 
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SUMMARY 

Based on very conservative assumptions, there is an 80 percent 
chance that all chann'.ls will satisfy the system spectral matching specification. 
If conservative assumptions are made, the probability that all channels will 
meet the specification is 97 percent. 

Actually, because of the condition of the witness samples, the 
exaggerated spectral slopes of the filters, and the short wavelength bands 
being the most critical, both of the above estimates are probably low. Data 
do not exist, however, to support a higher value. 
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an ol tne values are stored on magnetic taoe for 
sucsecuent ccmcuie' orocessmg The resoit .s a 
-.-ume'icai mage ' '.vnicn can se used msieao oi 
tne cr ginai visual ’“"age 'cr a wioe variety of com- 
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The Aooiied Cotics Division ol PerknvBmer 
manulactures 'he PCS Mooei 'OiOA Micro-0 a 
tiatoeo ooticai scanning digituer This instrument 
will scan a ■ C X 0-mcn area at soeeds up to 50 
mm per secono ,°ixeis can tje as small as £u 
Output consists ol pixel oensity or transmittance 
measurements that cover a range from 0 to aD 
and pixel position information with a resolution ol 
Im All (he scanning oarameiers can oe selected 
5y the operator under computer control. 


The applications of photodigitizmg are of three 
general kinds. (1 ) Encoding, (2) Transforming, ano 
(3) Inlormation Extracting 


Analog, that 'S. continuous 'one pnoto 'mages 
may simply oe digitizeo. or encoded for storage 
0ip“)iay. transmission, data-oase estaoiishmeni, or 
Direct transler to digital eauicmeni 


Transformation converts an image mio a better 
locking or more useful lorm It .may use sucn tech- 
nicues as contrast ennancement. aebiurring. .m- 
age restoration noise reduction eege snaroen- 
mg. co'or ennancement densiiv si.e.rg and spa- 
tial 'iliering 


Extraction jl me mtormationai content ol a pnoto- 
grach can take one or more ol Tree terms, detec- 
tion, mensuration and identilication Detection re- 
fers to ’ne determination ol the existence size, 
snape and location of a feature Mensuration is 
concerned with the spatial reiationsnios berween 
sucn leatures as m the examination of star plates 
ano spectrograms. 

Identihcation involves tne recognition ol the 
photometric signature' . tne oanicuiar pattern ol 
density variations associated with a feature such 
as in pattern recognition in fact, tne uses to wmeh 
the capaoiiities ot onoiodigitizing can be turned 
are as lar-rangmg as me imagination allows Let 
us snow you how they can bo suited to your 
needs m such lieids as 


Aenal Reconnaissance 


SvsTsms 

The Perkin-Elmer POS Micro-0 is available m 
various configurations to suit individual needs 


Aerospace 
Astronomy 
Earth Resources 


PDS Micro-0 alone, as a computer penoneral 

Microprocessor-controlled POS Micro-0 lor 
stand-alone operaiicn 

Microprocessor-controiieo PCS .Micro-0 for 
real-time oata nanolirg by minicomouter The 
microorocessor control of the Mic.'o-O trees 
the comouier lor compijtationai (asKs 

Comciete Photometric Data System Sucn a 
svsiem mignt include i6-bii minicompuier. 9- 
track .magtaoe drive anc keyboard terminal 


Becfronics 

Graphics Reproduction 
Mapping and Photogrammetry 
Matenals Resoarch 
Medicine 

Photographic Science 
Textile Production 
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Th^'i^tlc Xcipper Spatial 
Coverage Tost Descriprica 
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BLDC. MAiLiTA. 


Tbir. tr-*.!' is perforned or. the Theracic ?Iapoer v’iti. the scon 
mirror ttatior.ary to determine tne si.-.? and location of the 
b4 detectorc in 6 separate bands. (16 more detector*, itay be 
added if band 7 option is exercised.) 

’''he Thematic Mapper is mounted or. a precision table. 'Hcvevsr, 
the position of the TM is determined by au 1 1 c c 1 1 iina t rr. p. a 
a theodolite or. the iocVted scan mirror to mea'^ure to the rctu-- 
precision. The source is projected cowards the TM throep; a 
collimator which, has a computer driven X-Y stepping sta-.e tC’ 
position the entrance slit. However, the collimator has r narrow 
fieid of view range, so it is necessary to move the TI'. four times 
during the test. 


The software procedure for concrolline the test is specjfied in 
the following steps. These steps in turn call procedures which 
are detailed in subsequent sections. The procedures perform 
the following functions. 

Procedure .A 

The data for one band of 16 detectors are taken in X and V and 
stored for reduction. Bands 1, 2, 3, A, 5 and 7 use this procedure. 

Procedure 3 

The data t, ~ one band are reduced to give normalized data, and 
the detector width is determined in X and Y. 

Procedure C 

The detector size and location for the band are checked against 
specifications, and the size, location, and condition relative 
to specifications are printed on a priority basis to keep the 
test operator abreast of progress. 

Procedure D 


The field of view data are converted to radian measure relative 
to the optical a;:is of TM, and the data are sent to a plot file 
to be plotted as time is available, but with low priority. 
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Trocedure E 

« 

The noveaent of TM is controlled and monitored, includinr, rll 
interaction with the optical technician operating the theodolite 

Procedures F, C, H, and I 

These procedures arc analogous to A, B, C, and D, but they apply 
to band 6 only, which has A detectors. 

VPEAK Subroutine 

The data on any given detector are sampled and processed to 
determine the peak-to-peak output. 

Senuence No. 1 

This sequence is called by Procedures A and F to take darn on a 
sequence of detectors over a specified slit step range. Data 
arc ta’r.en, then the entrance slit is stepped in X. 

Sequence No. 2 

Analogous tc Mo. 1, but it uses Y coordinates. 

Sequence No. 3 

Similar to No. 1, but the slit step occurs before data are taken 
Sequence No. 4 

Similar to No. 2, but the slit step occurs before data are taken 


The Test Procedure Follows 

1. Instruct the operator to set the scan mirror to Che center 
of scan and lock it in place. 

2. Verify that the scan line corrector is off; if not, command 
It off, and verify. 

3. Instruct the operator to align the collimator with TM. 

Perform Procedure E with lBAND-1 to Initialize all counters, 
and position on the LED. 

5. Instruct the operator to connect the aur.iliary detector 
plane cooling equipment, but do not turn it on at this 
point in time. 

6. Command all bands to "off." 
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Select the ADAU /./O in the SIU. 

\ ' 

Select the 3S KHc sampling rote in the ADAU (the divide 
by 15 function) . 

Switch in the 100 He filter with a 10 Hr bant’.pass in the 
ADAH . 

Drive the aperture table in the -X direction toward band 4 
for the following IFOY distances 


LED to axis 
Axis to Band 4 center 
Band 4 center to even 
detector center 

total 


7.988 IFOV units 
10.394 IFOV units 
1.250 IFOV units 

19.632 IFOV units 


NOTE: The number of steps to use must be calculated 

from the coll ima tor focal length FLC as follows 


STEP ANGLE 


NO. STEPS/IFOV - 


O.^TC 01 inch / step 
FLC inches 

42.5x10-^ radians 
STEP ANCLE 


Currently there are 2 possible collimators which may be used. 
They have FLC of lOS inches and 111 inches corresponding to 
45.9 and 47.175. r.teps/IFOV , respective.’ y . 

Command Sands 1 to 4 to "ON," and instruct the operator to 
turn on the auxiliary cooling for Bands 5 and 6. 

Instruct the operator to turn on the chopper motor and 
adjust Che source current until Che peak>to-peak signal is 
18.8 volts (±1920 DN). While the operator is adjusting the 
current, continually monitor and display the peak-to-peak 
signal of detector 2 of Band 4 using the VPEAK procedure 
until the operator signals that the voltage is correct. 

Switch to detector 16 of Band 4 and verify that the voltage 
is wichir 1 volt of the detector 2 value. If not, write 
a message to Che operator to give him a chance to abort 
the test. If he chooses to continue, go Che next step. 

Step to the center of the band in preparation for execution 
of the Procedure A which takes a full set of field of view 
data by stepping as follows. (The narrow slit is at the 
center of the even detectors.) Step in the +X direction by 
1.25 IFOV units (53.125 microradians ) . 


Perform Procedure A on Band 4. 


( 
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15. Reduce the Band 4 data by performing Procedure B. 

4 

16. Print the Band 4 data using Procedure C which also checks 
the parameters against specification. 

17. Plot the Band 4 data by performing Procedure D. 

18. Save the Band 4 data on a 9 track mag tape for future reference 
including the associated parameters REFM, KEFY , TMAKGX, 

TM/..NGY, XOFFST, YOFFST, and RSTEP. 

19. The narrow vertical slit is now at the center of Band 4. 

Step it to the center of Band 5 by moving in the +X direction 
by 

Band 4 to axis 10.394 TFOV units 

Axis to Band 5 60.606 IFOV units 

total 71.000 IFOV units 

20. * Command Band 5 to "ON." 

21. Perform Procedures A, B, C, and D on Band 5. 

22. Save the Band 5 data and associated parameters on 9 track 
mag tape. 

23. Move the narrow vertical slit to the center of the collimator 
field by stepping in the -X direction by 

Band 5 center to ixis -60.606 IFOV units 

Axis to collimator center + 7.9S8 IFOV units 

Anti^backlach overtravel - 0.2 

total -52,-818 IFOV units 

Move in tha +X direction 0.2 IFOV units. 

24. Move the Thematic Mapper to the center of Band 3 by exercising 
Procedure E with I'*AND“2. This will -generate a new TMANGX 
and TMANGY which give the location of TM as measured by the 
theodolite. This Procedure E also moves the collimator slit 
as a fine adjustment to the center of Band 3. 

25. Perform Procedures A, B, C, and D on Band 3. 

26. Save the Band 3 data on magnetic tape as above. 

27. Step, the narrow vertical slit to the -center of Band 4 by 

stepping in the +X direction by 

Band 3 to axis 35.392 IFOV tunits 

Axis to Band 4 -10.394 

total 24.998 IFOV -units 
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JIo anti-backlash aovenent is needed since the movement 
is in the +X direc,tion, cnly. 

28. Perform Procedures A, B, and C to check registration. 

Ko plot will be performed since the data verc previously 
measured. 

29. Save the Band 4 data on magnetic tape as above. Step the 
narrow slit in the -X direction to the center of Band 2 
by stepping by 

Axis to Band 2 -60.392 

■faxis to Band 4 +10.394 

Anti-backlash - 0.2 

total -50.198 IFOV units 

Step in +X direction by 0.2 IFOV units. 

30. Perform Procedures A, B, C, and D on Band 2, 

31. * Save Band 2 data on magnetic tape, as above. 

32. Step the narrow vertical slit to the center of Band 3 again 

to center the collimator travel by stepping in the +X 

direction by 

Band 2 to axis +60.392 

Axis to Band 3 -35.392 

total +25.0 IFOV units 

33. Move the Thematic Mapper to the center of Band 2 by performing 
Procedure £ with IBAMD°>3. 

34. Perform Procedures A, B, and C on Band 2 (no plot is needed 
again). 

35. Save Band 2 data on magnetic tape as above. 

36. Setp to the center of Band 3 by stepping in the +X direction 

by +25.0 IFOV units. 

37. Perform Procedures A, B, and C on Band 3 (no plot is needed 
again) . 

33. Save Band 3 data on magnetic tape as above. 

39. Step in the -X direction to Band 1 by stepping 

Axis to Band 1 -85.390 

Band 3 to axis +35.392 

Anti-backlash - 0.2 

Total -50.198 IFOV units 


Step in the +X direction by 0.2 IFOV units. 
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40. 

41. 

42. 


43. 

44. 

45. 

46. 


47. 


48. 


49. 


50. 


51. 


52. 


53 . 


Perforin Procedures A, B, C, and D on Band i. 

Save the Band 1 data on magnetic tape, as above. 

Step in the +X direction to Band 2- center to return the 
collimator to center of travel by stepping. 

Band 1 to axis +85,390 

Axis to Band 2 -60 .392 

Total +24.998 IFOV units 

Move the TM to Band 5 by performing Procedure E with T.BAND*»4. 

Perform Procedures A, B, and C on Band 5 (no plot is needed 
again). Then store data on magnetic tape. 

Instruct the operator to install the blackbody source for 
Band 6, then command Band 6 "ON." 

Step to the center. of the even detectors by stepping in the 
+X direction by 


Axis to band 6 center 
Band 5 to axis 
Band 6 to center to 
even detector 

total 


+95.603 IFOV units 
-60.606 

-5.0 


+29.997 IFOV units. 


Step the slit wheel CCW 180 degrees to position the Band 6 
vertical slit into place. 

Instruct the operator to increase the source current until 
the peak-to-peak signal is 18.8 volts (+1920 DN) as measured 
by VPEAK subroutine, and Che blackbody controller is stable. 

Step in Che +X direction to the center of Band 6 by stepping 
+5.0 IFOV units. 

Perform Procedure F to acquire the- data, Procedure G to 
reduce it. Procedure H to print and check against specifi- 
cations, and Procedure I to plot it. 

Save the Band 6 data on magnetic Cape as above. 

Step the slit wheel CW 180 degrees to move the small vertical 
slit into place. 

Drive the slit back to the LED to close the traverse by 
performin Procedure E with IBAND“5. 
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54. Instruct the operator to switch the X, Y controller to local 
mode, then position the vertical slit onto the LED by stepping 
In from the - to + direction in the final approach to remove 
backlash. Instruct the operator to select the narrow 
horizontal slit, then center the middle LED by stepping from 
-Y to +Y direction on the final approach. 

55. Instruct the operator to switch the X, Y controller to remote. 

56. Read the X and Y encoders, then calculate 

XERk - (X-XOFKST) RSTEP radians 

YERR (Y-Y0rF.‘:T) RSTEP radians 

57. Command Bands 1, 2, 3, 4, 5, and 6 to "OFF." 

58. Instruct the operrtor to turn off the auxiliary detector 
plane cooling. 

59. Instruct the operator to turn off the blackbody and visible 
* detector sources. 

60. Command the SlU back to internal MUX usage. 

61. Printthe message 

"END OF SPATIAL COVERAGE TEST, 

X closure error = (XERR value) radians, 

Y closure error “ (YERR value) radians." 
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PROCEDURE A 


This procedure is used to acquire the data frois the fie3d of 
V iev7 measurements for o^c detector band in a form suitable for 
reduction by Procedure B, and for print and plot by Procedures 
C and D. 

This procedure assumes that the narrow vertical . slit is in the 
center of the band in the X direction, and the narrow horizontal 
slit may be centered in the Y direction by a 90-degree rotation 
of the slit wheel. 

Data Storage Description 


Data are described as though 0.05 IFOV (2.125 microradians) steps 
were possible. The data step size and count must be adjusted 
here and in Procedure B to accommodate practical step size as 
determined by the collimator focal lengths. This adjustment must 
respect IFOV boundary locations, but may allow more incremental 
steps within boundaries. For example, it takes 20 positions of 
0.05 IFOV units (2.125 nicroradians each) to cover one IFOV. 

However, if the 111-inch focal length collimator were to be used 
each step is 0,9009 microradians, so each data point would require 
either two steps (1.8018 microradians ) or three steps (2.727 micro- 
radians). In the case where a movement of 1 IFOV is required, 

42.5 microradians /. 9009 microradians indicates 47 of the .9009 
microradians steps arc required. Thus, 13 positions of 2 steps 
each plus 7 positions of 3 steps each will be equivalent to the 
desired 20 positions of 0.05 IFOV. 

Figure 1 illustrates the testing procedure to be followed in taking 
data in the X direction, and Figures 2 and 3 illustrate the procedure 
used in the Y direction. Figure 4 illustrates the distribution 
between narrow slit data and wiee slit data in the Y direction. 

In the X direction, the wide slit is positioned -12.25 IFOV units 
from the center line (see Figure 1) , then the slit Is stepped in 
units of 1 IFOV to take the far field data. The wide slit is not 
used on the detectors since the signal level is 10 times saturation, 
so stepping stops at -2.25 IFOV. Narrow slit data is then taken 
after backing the narrow slit to X ■ -3.75 IFOV units. The 
narrow slit data is taken until X ■ +3.75 IFOV units. The slit 
location is moved to X ■> +2.25, the wide slit inserted, ard the 
remaining data are taken. See Table- I for the data storage 
sequence . 

The Y direction data acquisition proceeds in a similar fashion. 

The slit is moved to Y = -17.5 IFOV units, then the wide slit 
is moved into place. At that position only detector 1 is within 
10 IFOV of the slit, so only detector 1 is used. After the slit 
has been stepped to -16.5 IFOV units, detectors 1 and 2 are 
within 10 IFOV units. Finally, when the sl't is at -8.5 IFOV, 


/ 
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detectors 1 through 10 are within 10 IFOV units of the slit. 
Since the power through the slit is 10 times saturation, the 
vide slit is not steppe^ across the detectors. 

The slit is changed to the narrow size, then backed up to the 
position illustrated in Figure 2. For the first IFOV, only 
detector No. 1 is within 2 IFOV units of the slit. When the 
slit is 1 IFOV' unit from detector 1, data can also be taken on 
detector 2 since it is then 2 IFOV units' away. As the slit 
is stepped further, more detectors come within the +/-2 IFOV 
data range. The data storage is listed in Table II, and the 
range of data are illustrated in Figure 4. In the figure, the 
narrow slit range is illustrated by a T-shaped line on each 
side of the detector, and the wide slit data points are illus- 
trated by an X. 

The data acquisition steps will now be described. 
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X DIRECTION MEASUREMENT PARAMETERS 
FIGURE 1 





y DIRECTION NARROW SLIT MEASUREMENT 
FIGURE 2 
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Y DIRECTION WIDE SLIT MEASUREMENT 
FIGURE 3 
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range of DATA POINTS IN Y COORDINATE 
FIGURE 4 
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• TABLE I 

X DATA STORAGE ORDER 
(ALL UNITS ARE IrOV UNITS) 

X POSITION NO. roiNTS ‘DETECTORS USED SLIT SIZE RECORD COUNT 


•11.25 

•10.25 

• 9.25 

• 8.25 

• 7.25 

• 6.25 


3.25 

2.25 

3.75 

3.70 


2-lo, STEP BY 2 

1-16 

1-16 

1-16 

1-16 

1-16 

1-16 

1-16 

1-16 

2-15, STEP BY 2 
2-16, STEP BY 2 


- 1.80 

- ll75 

- 1.70 


2-16, STEP BY 2 

1-16 

1-16 


+ 1.75 
+ 1.80 
+ 1.85 


1-16 

1-15, STEP BY 2 
1-15, STEP BY 2 


1136 


+ 3.70 
■»• 3.75 

+ 2.25 
+ 3.25 


1-15, STEP BY 2 
1-15, STEP BY 2 

1-16 

1-16 


+ 9.25 
+10.25 
+11.25 


NOTE: 


1-16 

1-15, STEP BY 2 
1-15, STEP BY 2 


TOTAL RECORDS 


2064 


IF THE STEP SIZE IS VARIED FROM 0.05 IFOV, 

THE RECORD COUNT MUST BE ADJUSTED ACCORDINGLY. 
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Y rOSITION 


TABLS II 

Y DATA STCD.AGE ORDER 
(ALL URITS ARE IFOV L’JJITS) 


NO. POIKTS DETECTORS USED 


tr 










-17.5 




1 

1 

• 


M r. 

-16.5 




2 

1-2 




-15.5 




3 

1-3 



II 

-14.5 




4 

1-4 




-13.5 




5 

1-5 



II 

-12.5 




6 

1-6 



a f 

-11.5 




7 

1-7 



II r' 

-10.5 




8 

1-8 



SI 

- 9.5 




9 

1-9 



II 

- 8.5 




10 

1-10 



ft 

-10.0 

to -9.05, 

STEP 

0.05 

20 

1 



1 ;■ 

- 9.0 

to -8,05, 

STEP 

0.05 

40 

1-2 

EACH 

Y 


- 8.0 

to -7.05, 

STEP 

0.05 

60 

1-3 

EACH 

y 

r ^ ■ 

- 7.0 

to -5.05, 

STFP 

0.05 

80 

1-4 

EACH 


1 1 

- 6:0 

to -5.05, 

STL? 

0.05 

100 

1-5 

EACH 

V 

5 I 

- 5.0 

to -4.05, 

STEP 

0.05 

100 

2-6 

EACH 

y 

H 

- 4.0 

to -3.05, 

STEP 

0.05 

100 

3-7 

EACH 

Y 


rOTE: 


SLIT 

SIZE 

w 

w 

w 

w 

w 

w 

V 

w 

V/ 

u 

N 

R 

K 

F 

N 

N 

N 



+ 5.0 

to 

5.95, 

STEP 

0.05 

100 

12-16 EACH, Y 

N 

1 

c 

+ 6.0 

to 

6.95, 

STEP 

0.05 

30 

13-16 

N 

i 

+ 7.0 

to 

7.95, 

STEP 

0.05 

60 

14-16 

K 

1 

{ 

+ 8.0 

to 

8.95, 

STEP 

0.05 

40 

li-16 

N 


+ 9.0 

to 

9.55, 

STEP 

0.05 

20 

16 

N 

1 

+10.0 





1 

16 

N 

<. 

+ 8.5 





10 

7-16 

. w 

1 

+ 9.5 





9 

8-16 

V 


+10.5 





8 

9-16 

W 

i. 

+ii;5 





7 

10-16 

tf 

r * 

+ 12:5 





6 

11-16 

W 

r 

1 

H3:5 





5 

12-16 

W 

1 

+14;5 





4 

13-16 

W 


+15.5 





3 

14-16 

w 

f 

+16.5 





2 

15-16 

w 


+17;5 





1 

16 

V 


TOTrtL RECORDS 

IF STEP SIZE IS VARIED FROM O.OS IFOV, 

THE RECORD COUNT MUST BE ADJUSTED ACCORDINGLY 


RECORD 

COUNT 


55 


1601 


55 

171i 
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Fleld of Viev Sreppins ir. X Directior. (along scan) 

a. Step in the -X direction to a position vhich is 12.25 
IFOV units from the band center line. Step 0.2 IFOV units 
further in -X direction, then step 0.2 IFOV units in the 
+X direction to aininize backlash. 

b. Rotate the slit vhecl 45 degrees CCV7 to position the 
wide vertical slit over the source. This signal level 
is 10 tiaes saturation, so should not be steppe'' across 
the detectors. 

c. Take data for 10 IFOV positions on the -X side of the 
even detectors as follows (using a pre-data step to avoid 
the detector at the end). 


(1) 

Sec NDSTRT = 2 
DSTEP - 2 

NDSTOP «■ 
FSTEP - 

16 

1.0 

NSTEP 

C) 

Perform Sequence 

No. 3. 



(3) 

Sot NDSTRT •= 1 

DSTEP » 1 

NSTE? 

« £ 

(4) 

Perform Sequence 

.No. 3. 




d. Rotate the slit wheel 45 degrees CU to position the narrow 
vertical slit over the sourve. This signal level is set 
for saturation level. The narrow slit data will be taken 
from 2 IFOV units on the -X side of the even detectors to 
2 IFOV units on the +X side of the odd detectors. 

e. Move the slit 1.7 IFOV units in the -X direction, then 
neve It 0.2 IFOV units in the +X direction to minimize 
backlash . 

f. Take data for 7.S IFOV units in steps of 0.05 IFOV units 
as follows. 

(1) Set KSDTRT - 2 NDSTOP - 16 DSTEP - 2 

FSTEP - 0.05 NSTEP » 40 

(2) Ferform Sequence No. 1. 

(3) Set NDSTRT - 1 DSTEP - 1 NSTEP - 71 

(4) Perform Sequence No. 1. 

(5) Set NDSTRT - 1 NDSTOP - 15 DSTEP - 2 

NSTEP - 40 


(6) Perform Sequence No. 1 
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g. Step back to the center of the first IFOV on the +X side 
of the odd detefctors by stepping in the -X direction by 
1.8 IFOV units, then stepping by 0,2 IFOV units to remove 
backlash . 

h. Rotate the slit wheel 45 degrees CCW to .position the 
wide vertical slit over the source. This signal level 
Is 10 times saturation, so should not be stepped across 
the detectors. 

1. Take data for 10 IFOV positions on the +X side of the 
odd detectors as follows (use post-data step to avoid 
the detectors) . 

(1) Set NDSTRT = 1 NOSTOP •= 16 DSTEP = 1 

FSTEP = 1.0 NSTZ? = 8 

(2) Perform Sequence No. 1. 

(3) Set NDSTOP = 15 DSTEP = 2 KSTEP = 2 

j. This completes the acquisition of data in the X directicn 
for this band. The slit will be set on the small size 
horizontal slit and the slit will be moved back to the 
center of the band. The center of the slit is currently 
10.5 IFOV on the +X side from the odd numbered detectors. 

Rotate the slit wheel CCW by 45 degrees. Step the slit 
in the -X direction 12.45 IFOV units, then step 0.2 IFOV 
units in the +X direction to remove backlash. 

2. Field of View for Band 4, Stepping in the Y Direction (across scan) 

The narrow horizontal slit is now positioned between detectors 8 
and 9 of the array. 

a. Step the slit 18.7 IFOV units in the -Y direction, then 
step 0,2 IFOV in +Y to remove backlash. This leaves the 
center of the slit 10.5 IFOV units below detector No. 1. 

b. Rotate the slit wheel CCW by 45 degrees to position the 
wide horizontal slit into place. Since the radiance level 
is 10 times the saturation level, this slit should not be 
stepped across the detectors. 

c. Take signal data on detector 1 which is 10 IFOV away at 
this position, then step 1 IFOV and take data on detectors 

1 and 2 which are 9 and 10 IFOV from the source, and continue 
a similar procedure until the slit is 1 IFOV from detector 1 
at which time data will be taken cn detectors 1 through 10. 

The data acquisition is accomplished as follows. 
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(1) Sec NDSTRT = 1 NDSTOP <= 0 DSTEP = 1 

FSTEP - 1.0 KSTEP = 1 

(2) NDST0P=NDST0P+1 

(3) Perform Sequence No. 4 (pre-data stepping to avoid 
the detector) . 

(4) Repeat steps (2) and (3) until 10 cycles have been 
completed . 

d. Step to a position 2.5 IFOV below detector No. 1, in 
preparation for fine slit neasurements . The wide slit 

is currently centered 0.5 IFOV below detector 1. Proceed 
as follows. Step in the -Y position 2.7 IFOV units, then 
step in the +Y direction 0.2 units. 

e. Rotate the small horizontal slit into place by stepping 
C ’.i’ b y A 5 d e g r e e s . 

‘f . 'fal-e data on all detectors which are w’ithin two IFOV of 
the slit. Thus, for the first IFOV located 2 IFOV units 
below detector 1, only detector 1 will be used. For the 
nejit IFOV, detectors 1 and 2 are used. After stepping 
through 5 IFOV units, detectors 1 through 5 will be used. 
However, stepping through the 6th IFOV unit, detector 1 
is no longer within 2 IFOV units, so it is not used. A 
similar procedure is followed until the small slit is 
2 IFOV units above detector 16. The procedure is as follows. 

(1) Set NDSTRT=1 NDST0P=0 DSTEP»1 

FSTEP=0.05 NSTEP-20 

(2) HDSTOP-KDSTOP+l 

(3) Perform Sequence No. 2 (post-data stepping). 

(4) Repeat (2) and (3) until 4 cycles have been completed. 

(5) NDSTRT=1 

(6) NDSTOP-NDSTRT+4 

(7) Perform Sequence No. 2 

(8) NDSTRT=NDSTRT+1 

(9) Repeat (6) through (S) until 12 cycles have been 
completed . 
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(10) Set KDSTRT=»12 NDST0P = 16 

t 

(11) KDSTRT = N*DSTRT-rl 

(12) Perform Sequence Mo. 2 

(13) Repeat (11) and (12) until 4 cycles have been 
completed. 

(14) NDSTRT=16 

(15) Perform Sequence No. 2 

g. Step back to center the slit 0.5 IFOV above -ietector 16 

by stepping in the -Y direction by 1.8 IFOV, then stepping 
in +Y by 0.2 IFOV to remove backlash. 

h. Rotate the large horizontal slit into place by moving CCi.’ 

45 degrees. 

j. Set HJSTRT=>6 NDSTOP-16 DSTEP"-! 

FSTEP=1.0 NSTEP=1 

(1) NDSTRT=NDSTRT+1 

(2) Perform Sequence No. 2 

(3) Repeat (1) and (2) until the cycle has been done 
10 times. 

k. The center of the slit is now located 10.5 IFOV above 
detector 16. Return the slit center to the band center 
reference between detectors 8 and 9 as follows. 

(1) Rotate the slit wheel CM by 135 degrees to move the 
small vertical slit into place. 

(2) Step in the -Y direction 18.7 IFOV units, then step 
0.2 IFOV units in the +Y direction no remove backlash. 
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PROCEDURE B 


This procedure reduces the field of view data for one band, only. 

The 50 percent signal point is determined in X and Y for each 
detector, then Che detector center coordinate is calculated. The 
narrow slit data taken 1. to 2. IPOV from a detector is used to 
compare with the wide slit data. 

I Data Storage Description 

NOTE: Data arc described as though 0.05 IFOV (2.125 microradian) 

steps v'ere possible. The data step size and count must 
be adjusted here and in procedure A to accommodate 
practical step size as determined by the collimator 
focal length. 

A. Input Data 

See Procedure A. 

5. Output Data 

1. The X data output consists of 16 data records each 
* with the following data items. 







i 


IS 




S' 



a. Detector No. 

Records 1-8 will be for detector numbers 1,3, ...15. 
Records 9-16 will use detector numbers 2,4, ...16. 

b. PEAKV 

PEAKV is largest voltage for this detector which 
is used for normalization of the data samples. 

c. Normalized Narrow Slit Data 

This data set consists of nominally 151 sets of 
X, Y, and the normalized voltage VPN. The set 
will probably not be exactly 151 values since Che 
step size will vary from position to position to 
accommodate Che collimator focal length. However, 
since X, Y are both stored, the coordinate varia- 
tion will not cause a problem as long as the field 
of view boundary is respected (see discussion in 
Procedure A) . 

d. XI, X2, XC 

XI is the X coordinate (obtained by interpolation) 
of the signal which is 0.5 of the peak of the 
normalized data. XI is the value on the -X side 
of the detector, X2 is the value on the +X side. 

XC is Che average of XI and X2 . 
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e. Normalized V?ide Sllc Data 

This data set consists of 18 sets of X, Y, and 
the normalized voltage VPN. Items 8 and 9 of 
this set (X“ -2.25 and +2.25 IFOV units) will 
not be plotted since they are adjacent to the 
detector and may show cross talk since the wide 
slit has a power density which is 10 times 
saturation. These two points will be printed 
for diagnostic interest, only. 

f. VNAVE, VWAVE 

VNAVE is the integrated and averaged value of 
the signals which together combine to make up 
the second IFOV away from the detector. This 
value is compared with VNAVE which is the 
normalized vide slit response at X= -3.25 for 
the even detectors or X= +3.25 for the odd 
detectors. VWAVE is also divided by 1C to allow 
for its higher signal level. 

g. NBAND 

The band no. of the data taken. 

2. The Y data output consists of 16 data records, each 
with the following data items. 

a. Detector No. 

Records 1-16 will increase sequentially in 
detector number. 

b. PEAKV 

This Is the same as X, except the Y data are used. 

c. Normalized Narrow Slit Data 

This data is similar to the X data, except there 
are nominally 100 points covering 5 IFOV worth 
of data with the detector centered in the array. 

d. Yl, Y2, YC 

These are analogous with XI, X2 , and XC, above. 


C 
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e. nv; and Kormalized Wide Slit Data 

t 

There will be a variable number of wide slit 
data points for each detector. The data record 
should save space for a point counter NW and ,, 
up to 10 sets of X, Y, and VPN as follows. 


Detector No. KW 

1 and 16 10 

2 and 15 9 

3 and 14 8 

4 and 13 7 

5 and 12 6 

6 to 11 5 


f. VNAVE and VWAVE 

These are analogous to the X data, OKC.ep t only 
detectors 1 and 16 have data entries. 

g. MBAND 

The band no. of the data taken. 

II X“ Data Reduction 

A. Repeat the follov;ing for the odd no. detectors 1,3, ...15. 

1. Field of View in X (Scan) Direction 

Extend the small step data VPP from the file for 
X= -1.75, -1.70, ..., +3.70, +3.75 for 151 points. 

The peak value will be nominally at X= +1.25 but 
search the array for the peak; call this PE/KV, 
save it. Normalize the data by dividing by PEAKV 
to get VPN. Save this data. Search the normalized 
data on both sides of the peak for the two values 
which are less than 0.5. These will be nominally at 
X“0.70 and X=1.80. Take the two adjacent normalized 
data values which are Just larger than 0.5 (nominally 
at X°0.75 and X=1.75) and by linear interpolation 
determine the two X values for VPN<°0.5 as follows. 

For the lower X value edge. 

Let X^ be the coordinate for VPN^ (VPN<0.5) 

be the coordinate for VPN^^j^ (VPN>0.5) 
where Then the half width coordinate 

is given by 
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CX . . ,-X, Hi .C-VPK . > 

” ' VPN^^j^-VPN^ ^‘1 


Let X1“XHW for this coordinate on the -X side of 
center. Sinilarly, the coordinate for the higher 

X Value edge (noralnally at X=1.75) is given by (1) 
where 

is the coordinate for VPN^ (VP1I>0.5) 
is the coordinate for (VPH<0.5) 

Let X2 = XHV; for this coordinate on the +X side of 
center. Calculate the coordinate of the center of 
the detector. XC from' the two half width coordinates 

XI and X2 is calculated as follows. 

XC - (2) 

Save the XI, X2 , XC for future use. 

Extract the wide slit data for this detector by 
retrieving the data for the 8 settings of X=» -9,25 
to X= -2.25 in steps of 1 I?OV, and the 10 .settings 
for 

X“ +2.25 to X=11.25 in steps of 1 IFOV. 

The X*= +2.25 value is adjacent to the detector and 
may have cross talk obscuri.ng its value since the 
wide slit has 10 tines the detector saturation power. 
This value is not plotted with the field of view data, 
but is printed out for diagnostic value. The X» -2.25 
value may be used for these odd no. detectors. 

Normalize the 18 wide slit data values as follows.- 
“ PEAKV*10. 

and save these values. 

2. Small Slit and Wide Slit Data Match 

Using the normalized values above, get the 21 VPN 
values for X=2.75 to 3.75 in steps of 0.05 and 
Integrate these values using the trapezoidal rule. 
However, the end points must bo divided by 2 to allow 
for overlap at the ends by 0.05 IFOV, and the whole 
result divided by 2 due to 0.1 IFOV slit size. 

Thus, the integral end point division is given by 

r 1 = 20 -| 


VPN(l)+VPn(21) 

4 


VPN(I) 
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Average VN over the IFOV, then use this as a comparison 
with the wide slit VV,' after it has been reduced by 
a factor of‘lO to account for the power difference 
between wide and narrow slits. 

?! 

‘ VNAVE - VH/10. (5) 

Obtain the normalized wide slit VPN at X=3.25; 
call it VWAVE. Save VNAVE, VWAVE. These numbers 
are the match between small slit data and the wide 
1^1 slit data at 2 IFOV from the detector. 

B. Repeat the following for the even no. detectors 2,4, ...16. 



1. Field of View in the X (Scan) Direction 

Extract the small step data VPP from the file for 
X= -3.75, -3 . 70 , . . . ,+l . 70 , +1.75 for 151 points. 

The peak value \;ill be norr.inally at X= -1.25, but 
search the array for the peak; call this PEAKV, save 
it. Normalize the data by dividing by PEAKV to get 
VPN. Save this array. Search the normalized data on 

both sides of the peak for the two values which are 

less chan VPN=0.5, nominally at X=* -0.70 and X=» -1.80, 
Using the two adjacent data values which are just 
larger than 0.5 (nominally at X= -0.75 and X= -1.75), 
use linear interpolation to determine the X values 
for VPN=0.5 as follows. 

For the most negative X value edge (nominally X“ -1.75) 
Let X^ be the coordinate for VPN^ (VPN<0.5) 

^i+1 coordinate for VPN^_l^j^ (VPN>0.5) 

where 

Then Che half width coordinate is given by equation (10 . 

Let X1*>XHW for this coordinate on Che most negative 

X side. 

Similarly, the coordinate for the less negative X side 
(nominally X« -0.75) is given by (1) where 

Xj^ is the coordinate for VPN^^ (VPN>0.5) 

is the coordinate for (VPN<0.5) 

Let X2“XHW for this coordinate on the less negative 
X side of the detector center. 

Calculate the coordinate of the letector center XC 
using equation (2). Save XI, X2 , XC . 
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Extract the wide slit data for this detector by 
retrieving the 10 settings of X= -11.25 to X= -2.25 
in steps of 1.0 IFOV, and tne 8 setting of X=> ■t-2.25 
to X“ +9.25 in steps of 1.0 IFOV. The X“ -2.25 value 
Is adjacent to the detector and may have cross talk 
obscuring its value since the wide slit has 10 times 
the detector saturation power. This value is not 
plotted v’ith the field of view data, but it is printed 
for diagnostic value. The X= +2.25 value may be used 
for these even no. detectors. 

Normalize the 18 wide slit data values using equation L3) , 
and save them for subsequent use. 

2. Small Slit and Wide Slit Data Match 

Using the normalized values above, get the 21 VPN 
values for X= -2.75 to -3.75 IFOV in steps of 0.05 
and integrate these using equation (4), Get the 
wide slit VPN at X= -3.25, call it V\.'.4VE, calculate 
equation (5) and save VNAVE, VWAVE. 


Ill Y Data Reduction 

Repeat the following for all detectors 1, 2, ...16.. 
A. Field of View in Direction Normal to Scan (Y) 


Extract the 100 narrow slit VPP data values for the 
detector from the file. The starting Y value is given 
by YS=>NDET-11, and the ending Y value is YE“NDET-6.05 
where the data steps assumed are 0.05 IFOV. 


The nominal center of the detector is given by 


YC - 


YS+YE+.05 


nominal 


Search the data array for the peak value; call this 
PEAKV; save it. Normalize the data by dividing by PEAKV 
to get VPN; save this array. Search the normalized data 
on both sides of the peak for the two values which are 
less than VPN»0.S. These will be nominally at 


YC nominal ±0.5 IFOV. 


Using these 2 values and the 2 adjacent values just larger 
than VPN«0.5, linearly interpolate for the Y values 
corresponding to VPN=0.5. 
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Let te the coordinate for VPK. (VPK>0.5) 
i ' i 

Y ..1 be the coordinate for VPK... (VPS<0.5) 
i+1 _ x+1 

where Then the half width coordinate 

is giveh by 


(Y -Y ) (l.O-VPN ) 

vutj ta ^ ^ ^ 4.V 


(7) 


Let Y1”YHW for this coordinate on the -Y side of center. 


Siailarly, the coordinate for the higher Y half width 
is found by letting 

Y^ be the coordinate of VPM^ CVPN>0.5) 

be the coordinate of (VPN<0,5) 

Let Y2=YH1C for this coordinate on the +Y side of the 
detector center. 


Calculate the detecter center coordinate YC by 


YC ■» 


Yl-*-Y2 


Save Yl, Y2 and YC for future use. 

The wide slit data is variable by detector number. The 
starting Y value on the minus side of the detector YSM 
is given by 

YSM - NDET-18.5 IFOV (9) 

The ending value on the minus side YEM is 

YEM - -8.5 (10) 

Thus, detector LO is the last detector which has a wide 
slit data point on the mlsus side. 

The starting Y value on the positive Y side of the 
detector YSP is given by 

YSP - +8.5 (11) 


The ending value on the positive side YEP is 

YEP - NDET+1.5 (12) 

Thus, detector 7 is the first detector which has a wide 
slit data point on the positive side. 
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Retrieve the wide slit data between YSM and YEM and also 
between YSP and*YEP as defined in equations (9) through 
(11) for all entries where YEM is greater chan or equal 
to YSM and where YEP is greater than or equal to YSP. 
Normalize each value by using equation (3). Store the 
VPN value, the Y coordinate, and the number of data 
points NW. 

B. Small Slit and Kide Slit Data Match 



Calculate the following for the odd detector No. 1. only . 

Using the noriaalized values above, get the 21 VPN value for 
Y“ -10.0 to -9.0 IFOV units in steps of 0.05 IFOV units. 
Also retrieve the normalized wide slit data covering this 
same off detector region which is stored by Y= -9.5 IFOV 
units. Integrate the 21 values using equation (4). Note 
that the end points arc divided by 2 in the equation to 
allow for tne excess of 1/2 of Che small slit width on 
each end, when compared with the wide slit result. The 
integration result is VN, and the average is VNAVE and 
given by (5). The wide slit value is WAVE. Save V'NAVE 
and VWAVE. 

Calculate the following for detector 16 only. 








c: 


Using the normalized values above, get the 21 VPN values 
for Y=9.0 to 10.0 IFOV in steps of 0.05 IFOV units. Also 
retrieve the normalized wide slit data covering the same 
off detector region which is stored for Y=9.5 IFOV units. 
Integrate the 21 values using equation (4). The integration 
result is VN, and the average is VNAVE, given by (5). The 
wide slit value is VWAVE. 

Save VNAVE and VWAVE. 
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PROCEDURE 


C 


This procedure retrieves data stored by Procedures B and E 
which allow conversion of X and i from steps Co radians. 

The field of view data for the band is then checked against 
the specified parameters, and the results printed. 

Input Data 


The data from Procedure E includes REFX, REFY , TMAKGX , TMANGY,' 
XOFFST, YOFFST, and RSTEP. See Procedure E for definitions. 

The data from Procedure B includes NBAND , Detector No., PEAXV, 
narrow slit array data in sets of X, Y, VPN where X, Y are in 
step count units, XI, X2, XC , Yl, Y2, YC all in step count units, 
wide slit data in sets of X, Y, and VPN, VKAVE , and VWAVE . 

Conversion from Step to Radians 

The conversion equations are described in Procedure E and are 
reproduced here. 


ANGLEX«X*RSTE?-!-Ty.A.NGX-REFX+0 . 01945r/180 . (1) 

ANGLY=Y*RSTEP+TMANGY-REFY (2) 

Specified Value s for Each Band 


A. Band Centers (in milliradians ) , BC relative to the optic axis 


BAND XBC YBC 


1 

2 

3 

4 

5 

6 
7 

LED 


-3.6291 0. 
-2.5667 0. 
-1.5041 0. 
-0.44174 0. 
+2.5758 0. 
+1.4708 0. 
+4.0631 0. 
+0.33947 0. 


B. Detector Center (in milliradians) for Bands 1-5, 7 

1. X Coordinate Relative to Band Center 

XDC - 1.25*.0425(-1+2*MODULO(NDET ,2)) (3) 

"there NDET is the detector No. 

2. Y Coordinate Relative to Band Center 
YDC -= (-8.5+NDET)*.0425 


( 4 ) 


I 
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Optimum Detector EDGES XIP, YIP, X2P , Y2P 

The Ideal loca'.ion for the detector edpes is given by 


XIP- XDC+XEC- .02125 millir adiar.s (5) 
X2P- XDC+XBC+. 02125 (6) 
YIP- YDC+YBC-. 02125 (7) 
Y2P= YDC+YBC+. 02125 C8) 


Detector Width, (X2-X1) OR (Y2-Y1) Specified 
BAWD DIFFERENCE MAXI>fUM DIFPEREWCE 

1 .0419 rilliradians .0431 milliradiar. s 

2 .0419 .0431 

3 .0419 .0431 

” 4 ,0419 .0431 

5 .04115 .04635 

7 -- __ 

6 .1656 .1744 

Detector Location and Size Printout 
Perform the following 16 times. 

1. Input X end Y data records for this detector. 

2. Convert all coordi-'ates to radians. 

3. Store the converted data in the plot file. 

4. Calculate DX-X2-X1 

DY-Y2-Y1 

5. Print the following 

a. Detector Ko. 

b. XDCfXEC 
■ c. XC 

d. XIP 

e. XI 

f. X2P 

g. X2 


/ 
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h. DX 

4 

i. "in spec" or "out spec", see D above 

j. error amount if out spec, 0. if in spec 

k. YDC+YBC 

l. YC 

n. YIP 

n. Y1 ■ 

o. Y2P 

p. Y2 

q. DY 

r. "in spec" or "out spec", see D above 

s. err amount if out spec, 0. if in spec 

* 

F. Tabulate Curve Data for Small and Large Slits 
Print the following data in compact fora. 

1. Narrow Slit Data 

a. X direction 

This data consists nominally of 151 sets of X, Y, VPN 
with X, Y expressed in radian measure from the axis 
and VPN Is the normalized voltage. 

b. T direction 

This data consists nominally of 100 sets of X, Y, and 
VPN data as above. 

2. Wide Slit Data 

a. X direction 

This data consists of 18 sets of X, Y, and VPN, olus 
VNAVE and VWAVE. 

b. 'I direction 

This data consists of NW sets of X, Y, and VPN where 
NW is a function of detector No. Detectors 6 to 11 
have 5 points, 5 and 12 have 6 points, 4 and 13 have 
7 points, etc. until 1 and 16 have 10 points. Only 
detectors 1 and 16 have VNAVE and VWAVE values. 
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This procedure takes data stored ir. the plot file by Procedure C 
for each band and forns two types of plot. The first plot is the 
detector location plot. 'This consists of the outline of the 
16 detectors in the band for ideal conditions with the XI, X2 , XC 
and Yl, Y2, and YC measured points plotted on the outline. 

The second plot consists of a presentation of the narrow and v;ide 
slit data for each axis on a 3 cycle semi-log paper. This will 
require 32 plots for each band. 

i Detector Location Plot 

The ideal location cf each detector edge is given by equation 
(5) through (8) of Procedure C. The ideal detector size for 
bands 1 through 5 is 42.5 cicroradians square. The plot scale 
should be chosen to give the best resolution possible. Since 
the 16 detector array is 3.5 IFOV wide (148.75 microradians) , 
a scale of 5.0 IFOV in 10 inches would seem reasonable. This 
would produce a plot 3 feet in length with legend, but only 
one such plot will be made per band. 

0*r. this scale of 2 inches/IFOV unit, the edge tolerance will 
be +0.03 inches for bands 1-4 and ±0.12 inch in band 5. Since 
the function of the plot is the illustration of any gross errors 
apdsystematic errors, this resolution should be adequate. 

II Detector Field of View Plot 

Each axis of a given detector is the subject for this plot. 

Thus, 32 plots will be required. The plot will be made on 
3 cycle, semi-log paper. Both the narrow slit and wide slit 
data are to be ^included on the same plot. This requires an 
abscissa dimension of 23.5 IFOV units. An appropriate scale 
to use is 2 inches/IFOV for the central ±3.75 IFOV, then, on 
Che same plot, use a scale of 0.5 inches/IFOV for points 
outside these limits (wide slit data) for X plots. 

The Y plots may use a scale of 2 inches/IFOV units for the 
central ±2.5 IFOV units, then a scale of 0.5 inch/IFOV unit 
outside this range. 

III Plot Priority 

The plotting should not be allowed to slow up the test. The 
Information is stored in a plot file, and plotted during 
theodolite setting after the Procedure C print is complete 
as time Is available. 
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PROCEDURE E 


This procedure is called when it is desired to move the Thematic 
Mapper instrument relative to the collimator in the field of view 
tests. The movement is*monitored by manually autocollioating a 
theodolite on the TH scan mirror. 

The TM will be located at the following points. 

1. At the LED reference point. 

2. At the center of Band 3. 

3. At the center of Band 2. 

4. At the center of Band 5. ' - • 

5. Returned to LED at close of tests. 

The procedure should be called with a switch parameter IBAND 
which will specify which of Che 5 settings above is desired. 

The .f ollowing parameters must be kept in a programming COMMOU, 
or on disk in a fashion which allows access by this procedure. 

R£FX, the theodolite reading (converted to radians) when the 
' narrow vertical slit is aligned with the LED. 

REFY, the theodolite reading converted to radians when the 

narrow horizontal slit is aligned with the center of the 
3 LED. 

TMANGX, the theodolite reading converted to radians when the TM 

is positioned with the center of the collimator projected 
near to Bands 3, 2, or 5 specified by switch IBAND. 

XOFFST, the number of steps in X required to bring the collimator 
axis on the center of the band specified. 

TMANGY, analogous to TMANX, but in Y. 

YOFFST, analogous to XOFFST, but in Y. _ 

RSTEP, the number of radians/step in either X or Y axis. This 
must be calculated and stored when the collimator focal 
length is input. 

I Set at LED Reference Point (IBAND-1) 

A. Slit Setting 

1. Instruct the operator to manually drive the X slit 
table to center of scan. 

2. Repeat for Y. 
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3. Instruct the operator to move the narrow vertical 
silt into position. 

4. Instruct the operator to step in Z until the slit is 
af the previously determined focal position. 

5. Instruct the operator to set the Y, Z, and slit 
wheel controller in the remote positions. 

6. Zero X,,Y, Z, and slit wheel controller. 

7. Ask the operator to input the readings for X, Y, Z, 
slit wheel. 

8. If readings in 7. are not all 0, repeat 5. to 7. 

B. LED Alignment 

1. Instruct the operator to align the slit on the LED 
by moving TM. 

2. Step the slit wheel CCW 90* to position the narrow 
horizontal slit into place. 

3. Instruct the operator to center the middle LED in 
the slit. 

A. Set the slit wheel CW 90* to position the narrow 
vertical slit into place. 

NOTE: It is assumed that- the equipment registration 

has been previously perfected so recheck -is 
unnecessary between X, Y in steps 1. to A., 
otherwise, repetitive operator interaction 
is required. 

5. Verify X, Y are still zero by reading their output. 

If not, re-zero them. 

C. Set Reference Position 

1. Instruct the operator to autocolllmate the theodolite 
on the scan mirror — avoiding angles greater than 

350 degrees or less than 10 degrees. 

2. Request the operator to input the theodolite azimuth 
readings. Store it as 


RXDEG, RXMIN, RXSEC 
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Convert to radian measure 


by 


ANGX“ CRXDEG+RXMIN/60.-I-RXSEC/3600. )tt/180. 
REFX=ANCX 


( 1 ) 


If REFX is greater than 350 degrees or less than 
10 degrees, repeat 1. 

3. Request the operator to input the theodolite 
elevation angle. Store it as 

RYDEG, RYKIN, RYSEC 

Convert to radian measure by 

ANGY=(RYDEC+RYMlN/60.+RYSEC/3600.)ir/lSO. (2) 

REFY=AliGY 


KOTE: 


If R.YDEG is negative, assume that RYXIM 
and RYSEC are also negative. That is, set 


RYMIN= -ABS(RYMIN) 
RYSEC= -ABS (RYSEC) 
IF RYDEG IS - 


NOTE: Standard theodolite procedure consists of 

taking a reading, then flipping the tele- 
scope for a second reading. However, since 
theodolites differ in their use, it is 
assumed that the operator does Che averaging 
before input. This may be revised, if 
desired, when the exact theodolite is chosen. 

4, Set Che Current Angle Indicators 

TMANGX-REFX (3) 

TMANGY-REFY (4) ' 

5. Sec Che Offset 


Since this is the reference position no steps will 
be required Co move into Che center position, so 
sec 


X0FFST=0. 

(S) 

YOFFST-0. 

(6) 
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II Sen an Band 3 Center (I5A1ID“2) 

Band 3 center is specified to be the following angular 
distance from the LED: 

LED to Axis -0.01945 degrees 

Axis to Band 3 center -0.08618 

Total -0.10563 degrees 

Set DELTA» -0.10563 
DELTAY- 0. 

then follow the common procedure at V. 

III Set at Band 2 Center (IBAND=3) 

Band 2 center is specified to be the following angular 
distance from the LED: 

LED to axis -0.01945 degrees 

Axis to Band 2 -0 . 14706 

Total -0.16651 degrees 

' Set DELTAX *» -0.16651 
DELTAY -0. 

then follow the common procedure at V. 

IV Set at Bard 5 Center (IBAND=4) 

Band 5 center is specified to be the following angular 

distance from the LED: 

• 

LED to axis -0.01945 degrees 

Axis to Band 5 -fO . 14758 

Total +0.12813 degrees 

Set DELTAX - +0.12813 
DELTAY “ 0. 

then follow the common procedure at V. 

V Common Procedure for Bands 3, 2, 5 
A. Remove previous offset by 

1. Step in the X direction by -XOFFST steps. Remove 
backlash by overtravel and return if "XOFFST" is 

2. Step in the Y direction by -YOFFST steps. Remove 
backlash by overtravel and return if "-YOFFST" is 
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B. Calculate Hev; Theodolite Setting 

1. Convert reference to degrees 


‘ RXD-REFX*180./ti (7) 

RYD=REFY*180. /r (8) 

2. Add Step to New Band 

XD=RXD+DELTAX (9) 

YD»RYD+DELTAY ' ' (10) 


3. Convert to theodolite coordinates 

This procedure is tnost easily described in 
FORTRAN as follows: 

IDEG=XD 

RXMIK= (XD-IDEG)*60 . 

IWIN=RXMIN 

RXSEC= (RXHIK-IUIN) *60 . 

RXMIN°I»1IK 

RXDEG=IDEG 

where IDEG and IMIN are integers. 

RYDEG, RYMIN, and RYSEC are determined in a 
similar fashion. However, if YD is negative, 
it is easier to convert the absolute value, 
then apply the sign. 

C. Move the Thematic Mapper 

1. Instruct the operator to move the TM so the theodolite 
autocollimated on the scan mirror will be "approxi- 
mately RXDEC, RXHIN, RXSEC in azimuth and RYDEG, 

RYMIN, RYSEC in elevation.',' Emphasize in the message 
that the exact value is not essential because it will 
be "^trimmed" by the X-Y table. 

2. Ask the operator to input the azimuth and elevation 
angles. Store them as RXDEG, RXMIH, RXSEC, RYDEG, 
RYMIN, RYSEC. 

'3. Calculate the current angle in radians using equations 
(1) and (2). Then 



( 11 ) 

( 12 ) 


TMANGY=ANGY 
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4. Calculate pffset needed 

XOKFST- (XD'-7r/ieO . -TKANGX) /RSTEP' 
YOFFET=(YD*ir/180.-TMAKGY) /RSTEP 
NOTE: Round these to nearest step. 


( 13 ) 

( 14 ) 



5. Step off the Offset 

a. Step in the X direction XOFFST Steps. If 
XOFFST is add in -10 steps, then return 
+10 steps to remove backlash. If XOFFST is +, 
no backlash compensation is needed. 

b. Step in the Y direction YOFFST steps, and remove 
backlash as in a. 

NOTE: The slit center should now be at band center. 

, • The calculation of angles from the axis TM 

axis using the present settings are given by 

, ANGLX=X*RSTEP+TMANCX-REFX+0 . 01945*n/180 . (15) 

ANGLY ■= Y*RSTEP+TMANGY-REFY (16) 

since X Y counters contain the offset 
between TMANGX AND XD as well as between 
TMANGY AND YD 

VI Return to LED at End of Test (IBAND=5) 

LED center is specified by 

DELTAX-O. 

DELTAY=0. 

then follow the common procedure of V. 
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i AND Y DIRECTION FiEASUKEI^3KT PARAI-:ETERS FOR BAND 6 

FIGURE 1 
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c. Rotate the slit wheel 45 degrees CCH to position the 
horizontal Bknd 6 s,lit into place. 

d. Return X to band center by stepping in the -X direction 
by 17.2 IFOV units +0.2 units for overtravel for a 
total of 17.4 IFOV units, then step in the +X direction 
by 0.2 units to remove the backlash. 

e. Step in the -Y direction 18.2 IFOV units, then step 

in the +Y direction by 0.2 units to remove the backlash 

f. Take data on all four detectors from Y= -18,0 to +18.0 
IFOVunlts as follows. 

1) Set NDSTRT =• 1 NSTOP » 4 DSTEP ■= 1 

FSTEP = 0.2 NSTEP = 181 

2) Perform Sequence No. 2. 

g. Rotate the slit wheel 45 degrees Cb’ to position the 
vertical slit into place for Band 6. 

h. Return Y to band center b'' stepping in the -Y direction 
by 18.2 IFOV units +0.2 units for overtravel for a coca 
of 18.4 IFOV units, then step in the +Y direction by 
0.2 units to remove the backlash. 
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This procedure reduces the field of view data for Band 6, only. 

The 50 percent signal ppinc is determined in >! and Y for each 
detector, then the center coordinate is calculated. 

I Data Storage Description 

NOTE; Data are described as though 0.20 IFOV (8.5 microradians) 
steps were possible. The data step sice and count must 
. be adjusted here and in Procedure F to accommodate 

practical step size as determined by the collimator 
focal length. 

A. Input Data 
See Procedure F. 

B. Output Data 

The X data output consists 
the following data items. 

1. Detector. , No. ' • 

Records 1-4 correspond 

2. PEAKV 

PEAKV is the largest voltage for this detector which 
is used for normalization of the data samples. 

3. Normalized Data 

• > 

This set consists of nominally 171 sets of X, Y, and 
the normalized voltage VPN. This set will probably 
not be exactly 171 values since the step size will 
vary from position to position to accommodate the 
collimator focal length. However, since X, Y are 
both scored, the coordinate variation will not cause 
a problem as long as the field of view boundary is 
respected (see discussion in Procedure F) . 

4. XI, X2, XC 

XI is the X coordinate (obtained by Interpolatioi*) 
of the signal which is 0.5 of the peak of Che normalized 
data. XI is the value on the -X side of the detector, 

X2 is Che value on Che +X side. XC is Che average 
of XI and X2 . 

The Y. data output is similar to Che X data except in 3. 

Che nominal number is 181 sets. 


of 4 data records, each with 


to^etector 1-4, respectively. 
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II X Data Reduction , 

Repeat the- following for detectors 1 through 4 
Field of View in X direction 

Extract the X data from the file, consisting of nominally 
171 sets of X, Y, and VPP data. Search the array for the 
peak value which will be found nominally at XC listed below. 


Detector No . 

Nominal XI 

Nominal XC 

Nominal X2 

1 

• +3. 

+ 5. 

-1-7. 

2 

-7. 

-5. 

-3. 

3 

+ 3. 

+5. 

+ 7. 

4 

-7. 

-5. 

-3. 


Call this peak value PEAKV , and save it. Normalize the data 
by dividing by PEAKV to get VPN. Save this data. 

• Search the normalized data on both sides of the peak for the 
two values which are less than 0,5. These will be nominally 
at XI and X2 above. In addition to these two values, use 
, the two adjacent values which are ju;.t larger than 0,5 and 
by linear interpolation, determine the two X values for 
VPS = 0.5 as follows. 


For the lower X value edge, 


Let be the coordinate for VPN^ (VPN<0,5) 

be the coordinate for VPN^^j^ (VPN>0,5) 

where 

The half width coordinate XHW is given by 

(Xi^l-X,)(1.0-VPNi) 


XHW 


VPN -VPN 
i+1 i 


+X, 


( 1 ) 


Let X1=XHW for this coordinate on the -X side of center. 


Similarly, the coordinate for the higher X value edge is 
given by (1) where 

X^ is the coordinate for VPN^ (VPN<0,5) 

^i+1 coordinate for (VPN>0,5) 


Let X2eXHW for this coordinate on the +X side of center. 
The coordinate of the center of the detector XC is then 
given by 


XHW 


Xl-fX2 

2 


( 2 ) 


Save XI, X2 , and XC for future use. 
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III Y Data Reduction 

4 

Repeat the folloving for detectors 1 through A 
Field of View in the Y direction 


Extract the Y data from the file, consisting of nominally 
181 sets of X, Y, and VPP data. Search the array for the 
peak value which will be found nominally at YC listed below . 


Detector Ho. Nominal 

Yl 

Nominal YC 

Nominal Y2 

1 

-8. 


-6. 

-A. 

2 

■ -A. 


-2. 

0 

3 

0. 


+2 . 

+A . 

A 

+A . 


+6 . 

+8 

Call this peak value 

PEAKV, 

and 

save it. Normalize the data 

by dividing by PEAKV 

to get 

VPN. 

Save this 

data. 

Search the array and 

determine V 

1, Y2 , and 

YC in an analogous 

fasfiion to the procedure used for X in II, 

above . 


Save Yl, Y2, and YC for future use. 


i 

3 - 

■S 

I 

$ 

’i ; 

j 
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This procedure retrieves data stored by Procedures G and E which 
allow conversion of X and Y from steps to radians. The field of 
view data for Band 6 is* then checked against specified parameters, 
and the results printed. 


Input Data 

The data from Procedure E includes REFX, REFY , TIIANGX, TMANGY, 
XOFFST, YOFFST, and RSTEP- See Procedure E for definitions. 


The data from Procedure G includes NBAND , Detector No., PEAKV , 
slit array data in sets of X, Y, and VPN where X, Y are in step 
count units, XI, X2, X6 , Yl, Y2 , YC all in step count units. 


Conversion from Steo to Radians 


The conversion equations are described in Procedure E and are 
reproduced here. 

ASGLX=X*RSTEP+TKANGX-RE?X+0 . 01945r/180 . (J ) 

•ANGLY=Y*RSTEP+THANGY-REFY C2) 

Specified Values for Band 6 

A. Band Center (in milliradians ) , BC relative to the optic axis. 

XBC= +4.0631 
YBC=» 0. 

B. Detector Center (in milliradians) for Band 6 

1. X Coordinate Relative to Band Center, BC 

XDC=5.0*.0425(-1+2*MODULO(KDET,2)) (3) 

where NDET is the detector No. 

2. Y Coordinate Relative to Band Center 

YDC» -10+4*NDET C4) 

C. Optimum Detector Edges XIP , YIP, X2P, Y2P 

The ideal location for the detector edges is given by 


X1P= XDC+XBC-0.085 milliradians CS) 

X2P= XDC+XBC+0,085 (6) 

. t 

Y1P= YDC+YBC-0.085 (7) 

Y2P- YDC+YBC+0 .085 (8) 
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Detector Width, (X2-X1) on (Y2-Y1) specified 

Mlalmtm Difference ■ 0.1656 
Maxlcum Difference ■ 0.1744 

Detector Location and Size Printout 

Perforn the following 4 tines 

1. Input the X and Y data records for this detector, 

2. Convert all coordinates to radians. 

3. Store the converted data in the plot file. 

4. Calculate 

DX=X2-X1 

DY=Y2-Y1 

5. Print the follov;ing 

a. Detector No. 
h. XDC+X3C 


d. XIP 

e. XI 

f . X2P 

g. X2 

h. DX 

i. "IH SPEC" or "OUT OF SPEC," see D above 

J. error amount, if out of spec, or 0. if in spec. 

k. YDC+YBC 

l. YC 


n. Y1 

o. Y2P 

p. Y2 


r. "IN SPEC" or "OUT OF SPEC," see D above. 

s. error amount, if out of spec, or 0. if in spec. 


C- i 


procedure H 


Cconta) 


nS236-5610 

At'-pchner.t 

-3- 



F. Tabulate Curve Data 

« 

This data consists of aoicinally 171 sets of X, T and VPN In 
X direction and nominally ISl sets of X, Y, and VPN in the 
Y direction. 

This data is to be printed in compact form. 


/ 
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This procedure takes data stored in the plot file by Procedure H 
for Band 6 and forns tvo types of plots. 

The first plot -is the detector location plot. This consists of 
the outline of the 4 detectors in the band for ideal conditions 
with the XI, X2 , XC and VI. V2 , and YC measured points plotted 
on the outline. 

The second plot consists of a presentation of the field of view 
data array for each axis on a 3 cycle semi-log paper. This will 
require 8 separate plots. 

I Datector Location Plot 

The ideal location of each detector edge is given by equations 
(5) through (8) of Procedure H. The ideal detector sice for 
Band 6 is 170 microrad ians square. The plot scale should be 
chosen to give the best resolution possible. Since the 4- 
dctcctor array is 14 ITCY units wide, a scale of 0.5 IFOV 
units per inch seems reasonable. The edge tolerance will 
^be +0.05 inches on this scale. Since the function of the 
plot is the illustration of any gross errors and systematic 
errors, the resolution should be adequate. 

II Detector Field of View Plot 

Each axis of a given detector is the subject for this plot. 
Thus, 8 plots will be required. The plot will be made on 
3 cycle semi-log paper. This requires an abscissa of 48 IFOV 
units in X and 36 IFOV units for the Y plots. The scale of 
0.5 IFOV units per inch will give an edge resolution of 
±0.05 inches. 

III Plot Priority 

The plotting should not be allowed to slow up the test. The 
int'ormacion is scored in a plot file, and plotted during 
theodolite setting after the Procedure H print is complete 
aa time is available. 


ORfGfNAL PAGE IS 
OF POOR QUALITY 


KS236-5610 

Attachn.«>nt 



MllASORUMCNT SrQUE’.SrES 

Parane t e r s 

■■ • # 

KDSTRT is starting detector !Jo. 

NDSTOP is stopping detector JJo. 

DSTEP is Ko. of detectors to step 
NDETR is current detector in use 
NSTEP is the No. of steps to take in IFOV 
FSTEP is the step size in IFOV units 

Sequence No. 1 (stepping in X direction, Post-data stepping) 

1. NDETR-NDSTRT 

2. Switch MUX to Detector XDETR, current band No. 

3. Delay 160 milliseconds to allow 100 Hr filter to settle 

4. Call VPE.'.K procedvire to measure peak-to-pcak voltage, VP? 

5. .Store X, X step count, VPP, Detector So., Band No. 

6. KDETR-NDETR+DSTEP 

7. Repeat 7 . through 7. until NDETR is greater than IIDSTOP 

8. Step FSTEP IFOV units in +X direction 

9. Repeat 1. through 8. until sequence has been performed NSTEP 
times, then exit. 

Sequence No. 2 (stepping in Y direction. Post-data stepping) 

This sequence is Che same as No. 1, except for 6. Step 
FSTEP IFOV units in +Y direction. 

Sequence No. 3 (stepping in X direction. Pre-data stepping) 

1, Step FSTEP IFOV units in +X direction 
NDETR-NDSTRT 

7 .. through 7., same as Sequence 1. 

8. Repeat 1. through 7. until sequence has been performed NSTEP 
times, then exit. 

Sequence No. 4 (stepping in Y direction. Pre-data stepping) 

Same as Sequence 3, except 1. uses +Y direction rather than X. 
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This subroutine is called by the taair. spatial coverage procedure 
and by Procedures A and#? indirectly through Sequences No. 1 
through 4. 

It is assumed that the ADAU has been set to a sample rate of 
39 KHz, and that the SIU has selected the ADAU prior to calling 
this subroutine. It is further assumed that the 100 Hz center 
frequency filter with a 10 Hz bandpass is in place. It is also 
assumed chat the 100 Hz filter, or associated amplifier in the 
ADAU, has a gain of 7.5 to boost the saturated output to the 
range of the A/D in the ADAU. This is necessary since a square 
wave of 2 volts peak-to-peak (saturation) gives rise to a funda- 
mental sine wave of 2.5 volts peak-to-peak which corresponds to 
1.25 volts peak-out of the 100 Hz filter (neglecting insertion 
loss). Since Che A/D operates in the range of +/-10 volts 
(+/-2047 DN') , the 1.25 volts must be amplified to use Che full 
range of the A/D. A gain of 7.5 plus filter insertion loss 
compensation will boost the 1.25 volts to 9.375 volts (1920 DH) . 

The additional range of the A/D is reserved for potential excursions 

This subroutine takes 4 independent cycles of the 100 Hz waveform 
which requires that every tenth cycle be sampled with the 10 Hz 
bandpass. Since Band 5 is expected to have the lowest signal-to- 
noise ratio, it is used to evaluate the expected data range. 

The 1 percent of saturation signal will give +/-''9.2 DN from the 
A/D while the noise is shown in a separate memorandum to have a 
95 percent probability of being within +/-2.0 DN for this Band 5, 
utilizing 4 independent 100 Hz cycles for peak-to-peak determination 
This indicates chat the error in determining the 1 percent level 
due to noise will be less than 5 percent of chat level. The 
quantizing error can be as much as 3 percent of Che 1 percent 
signal level. Both of these errors are quite acceptable in the 
far field measure, and the errors will be negligible for larger 
signals . 

The subroutine also assumes that the detector has been connected 
by the MUX in Che ADAU, and that Che required settling time for 
the insertion of the 100 Hz filter (about 160 milliseconds) has 
elapsed before the subroutine call. 

% 

Subroutine Description 
1. Sample the Data 

Command the ADAU to Cake data for 40 cycles of Che 100 Hz 
output. This consists of caking data for 40*0.01 seconds 
which is 0.4 seconds. At the sample rate of 39.018 KHz this 
consists of 15607 samples. However, since the phase of Che 
cycle is indeterminenc , the first half cycle is discarded to 
be certain that the first peak or minimum are not missed. 

Also, Che 31.5 cycle is last one used, so only 32 cycles are 
taken. Thus, 0.32 seconds of data are needed for 12486 samples. 
Each sample requires 2 bytes, since the A/D output is 11 bits 
plus sign. 
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2. Deccrmlnation of the Peel.- £ j-Peak Value 

0 

a. Spurious Peak Rejection 

When the signal level gets to be very low, on the order 
of a few DN, spurious peaks may be determined. These 
spurious values may be deleted by requiring that all 
A peaks and minima must be separated by nominally 0.10 
seconds from peak-to-peak or minimum to minimum (using 
every 10th cycle). 

Set the number of good sets optimistically to 4 by 
NS-4. 

b. First Sample Peak-to-Peak 

Skip the first 195 samples, then search samples 196-5S5 
for the maximum and minimum, call them VP and Vm and 
call the sample number N? and MM, respectively. Reduce 
NP and KM by 195 and score them. 


c. Second Sample Peak-to-Peak 


Search samples 4097-4487 for peak and minimum, as in b, 


except reduce NP and MM by 4096 before storlnj 


These 


sample numbers have been obtained by skipping 9'.fiycles 
(586-4096) . - . 


d. Third Sample Peak-to-Peak 


Search through samples 8000-8389, recording VP, VM, NP , 
and NM, reducing NP and NM by 7999 before Storing. 


e. Fourth Sample Peak-to-Peak 


Search through samples 11901-12290, recording VP, VM, 

NP , and NM, reducing NP and NM by 11900 before storing. 


f. Discard on the basis of peak to minimum separation. 
Check the 4 samples to see if they are in the range 

175<|NP-NM|s215 


If any set fails this test, discard it and reduce MS 
by 1. If NS“0 or 1, set VPP“0. and leave the subroutine. 


g. Discard on Che basis of NP variation for NS sets 
where NS ■» 2, 3 or 4. 

Search the combinations and mark for use Che flrct 2 
values which satisfy 

iNPCi)-NP(j) 1^40 i=l,4 j=l,4 j#i 


VTEAK Subroutine (concd) 
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Average these 2 values, and keep any 
vViich is within. AO ot the average. 

If NS«»0, set VPP“0. and exit 

h. VPP Detertnination 

For each of the NS cycles remaining, 

VS»VP-VM 

Then average the US sets of VS to get 




KS236~5t:iO 
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subsequent value 


calculate 


VPP. 
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INTERDEPARTMENTAL CORRESPONDENCE 



T.B. VanHorna cc. 


Thematic Mapper Spaeial Coveraga 
Test Deaerlpcion, AC7R. 


OAT&: 13 June 1979 
HS236-56lO-2^ 

PROM: L.J. Rlchtsr 
0R3. 40-91-30 

BLDG. 373 mailsta. b322 

LOC. sc EXT. 82358 


History : G.R. Hyde, "Thematic Mapper Spaclal Coverage Test 

Description", HS236-5610, 30 Jan 1978. 

J.C. Cello, "Thematic Mapper Special Coverage Test 
Deacription revisited," HS236-5610-1, 8 August 1978. 


This memo provides a second revision of the Spaclal coverage test 
description. This revision incorporates 

1. Correct coordinates to agree with spacecraft coordinates 

2. Collection of near detector data from all 16 channels In each 
band, but to save time, collection of a data far from the 
detector for only 4 .hannels In each band, 

3. Incorporation of HP Interferometer data f 

4. Addition of flowcharts for procedures A,B,E,F, and C which 
specify the steps to be accomplished by the software. 
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This cesc is performed on the Thematic Mapper with Che scan mirror stationary 
CO determine the size and location of all 100 detectors. 


The Thematic Mapper is mounted on a precision table. However, Che position 
of Che TM is determined by autocollimating a theodolite on Che locked scan 
mirror to measure to Che required precision. The source is projected 
towards the TM through a collimator which has a computer driven X-Y stepping 
stage to position the entrance slit. However, Che collimator has a narrow 
field of view range, so it is necessary to move Che *01 four times during Che 
test. 

The software procedure for controlling Che test is specified in Che following 
peeps. These steps in turn call procedures which are detailed in subsequent 
sections. The procedures perform the following functions. 

Procedure A (Data Collection) 

The data for Che 16 detectors of one band are taken in X and Y and scored 
for reduction. Bands 1, 2, 3, 4, 5, and 7 use this procedure. 

P rocedure B (Data Reduction) 

The'data for one band are reduced to give normalized data, and the detector 
width is determined in X and Y. 

Procedure C (Printing) 

The detector size and location for the band are checked against specifications, 
and the size, location, and condition relative Co specifications are printed 
on a priority basis fi keep the test operator abreast of progress. 

Procedure D (Plotting) 

The field of view data are converted to radian measure relative to the optical 
axis of TM, and Che data are sent to a plot file to be plotted as time is 
available, but with low priority. 

Procedure E 


The movement of IM is controlled and monitored, including all interaction 
with the optical technician operating the theodolite. 

Procedure F.G.H. and I 

These procedures are analogous to A,B,C and D, but they apply to band 6 only, 
which has 4 detectors. 

VPEAK Subroutini ^ 

The data on any given detector are sampled and processed to determine the 
peak-co-peak output. 
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Sequence No, 1 (Post-Data Stepping) 

This sequence is called by Procedures A and F to take data on a sequence 
of detectors over a specified slit step range. Data are taken, then the 
entrance slit is stepped in X. 

Sequence No. 2 (Post-Data Stepping) 

Analogous to No. 1, but it uses Y coordinates. 

Sequence No ■ 3 (Pre-Data Stepping) 

Similar to No. 1, but the slit step occurs before data are taken. 
Sequence No. 4. (Pre-Data Stepping) 

Similar to No. 2, but the slit step occurs before data are taken. 


INDEX A Data Collect for algorithm VFEAK 

The Test Procedure Follows 

1. 'instruct the operator to sec the scan mirror to the center of scan 
and lock it in place, 

2. Verify Chat the scan line corrector is off; if not, command it off, 
and verify. 

3. Instruct the operator to align Che collimator with TM. 

4. Perform Procedure E with IBANI>=1 to initialize all counters and position 
on the LED. 

5. Instruct Che operator to connect the auxiliary detector plane cooling 
equipment, but do not turn it on at this point in time. 

6. Command all bands to "off." 

7. Select Che ADAU A/D in Che SIU, 2 channel option 

8. Select Che 39 KHz sampling rate in Che ADAU (the divide by 16 function), 

9. Switch in Che 100 Hz filter with a 10 Hz bandpass in the ADAU. 

10. Drive the aperture table in the + y direction toward band 4 for the 
following IFOV distances 


LED Co axis 

7.988 

IFOV 

units 

Axis CO Band 4 center 

10.394 

IFOV 

units 

Band 4 center to even 
detector center 

1.250 

IFOV 

units 

total 

19.632 

IFOV 

units 


ORIGINAL PAGE SS 
OF POOR QUALITY 


NOTE: The number of steps to use must be calculated from tho 

collimator focal length FLC as follows 

STEF ANGLE » 0,0001 Inch/step 

FLC Inches 

NO. STEPS/IFOV o 42.5«10~6 radians 

STEP ANGLE 

Currently there are 2 possible collimators which may be used. 

They have FLC of 108.3 inches and 110 Inches corresponding to 
46.0275 and 46.75 steps/IFOV, respectively. 

11. Comcvand bands I to 4 to "ON," and instruct the operator to turn 
on the auxiliary cooling for Bands 5, 7 and 6. 

** 

12. Have operator turn on 100 Hz chopper and adjust tis source current 
uiltll the peak-tO'peak signal is 18.8 volts (.i;1920 AIAU radiance 
levels). At the operator's request, collect Index A data from 
channels 2 and 16 of band 4. ^duce the data using the VPEAK 
algorithm and display the peak-to-peak signal of the two detectors 
and their difference (which should be less the 1 volt). 

13. 'Perform Procedure £ with IBANL 2 to position between bands 3 and 4. 

14. Slip to the center of band 4, 12.7 IFOV units in the -Y direction, then 
• 0.2 IFOV In the direction in preparation for the execution of 

procedure A, the collection of a full set of field of view data from 
one band. 

15. Perform Procedure A on Band 4. 

16. Reduce the band 4 data by performing Procedure B. 

17. Print the band 4 data using Procedure C which also checks the 
parameters against specification. 

18. Plot the band 4 data by performing Procedure D. 

19. Save the band 4 data on a 9 track mag tape for future roference 

including the associated parameters from Procedure E REFX, REFY, 
THANGX, TMWTf, /.op - 'fOFFST, and FLC. 

20. The narrow vertical slit is now at the center of band 4. Step 
it to the center of band 3 by moving in the -ty direction by 25 
IFOV units. 

21. Perform procedures A,B,C, and D on Band 3. 

22. Save the band 3 data on magnetic tape as above. 

23. Perform Procedure E with IBAND«3 to position between bands 1 and 2. 

24. Step the narrow vertical slit to the center of band 2 by moving it 

in the -y direction by 12.7 IFOV's. Then move in the +y direction 
0.2 IFOV units. 
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25. Perform Procedures A.,B,C and 0 on band 2. Of POOR QUALITY 

26. Save the Band 2 data on oagnetrc tape as above. 

27. Step the narrow slit to the center of band 1 by stepping by 25 
IFOV units in the +y direction. 

28. Perform Procedures A,B,C, and D on band 1. 

29. Save Band 1 data on magnetic tape, as above. 

30. Perform Procedure £ with I6AMD •> 4 to position between bands 5 and 7. 

31. Step the narrow vertical slit to the center of Band 5 by moving it 
in the -y direction by 13.2 IFOV units, then move 0.2 IFOV units 
in the +y direction. 

32. Perform Procedure A,B,C, and 0 on band 5. 

33. Save band 5 data on magnetic tape as above. 

34. Step the narrow vertical slit from the center of band 5 to the 
center of band 7 by moving in the +y direction by 26 IFOV units. 

35. Perform Procedures A,3,C, and D on band 7. 

3o. Save the band 7 data on magnetic Cape as above. 

37. Instruct the operator to install the blackbody source for band 6, 
then command band 6 "ON. " 

38. Step CO Che center of the even detectors by stepping in the -y 
direction by 29.95 IFOV units. Then move 0.2 IFOV in the +/ direction. 

39. Step the slit wheel to position Che band 6 vertical slit into place. 

40. Adjust Che source current until the peak-co-peak signal is 18.8 volts 
(+1920 .AOAJ radiance levels). At the operator's request, collect 
Index A data from chs even detectors of band 6. Reduce Che data 
using VF£AK and report the resulting peak-to-peak signal. 

41. seep in Che -y direction to Che center of band 6 by stepping -5.2 
IFOV units and then seeping C.2 units in the +y direction. 

42. Perform Procedure F to acquire the data. Procedure G to reduce it, ' 
Procedure H to print and check against specifications, and Procedure 
I to plot it. 

43. Save Che band 6 data on magnetic tape as above. 

44. Step Che slit wheel to move the small vertical slit into place. 

45. Drive Che slit back to the LED to close Che traverse by performing 
Procedure E with IBAND=5. 
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Instruct the operator to switch the X,Y controller to local mode 
then position the vertical slit onto the LED by stepping in from 
the - to + direction in the final approach to remove backlash. 
Instruct the operator to select the narrow horizontal slit, then 
center the middle LED by stepping from -x to +k direction on the 
final approach. 

Instruct the operctor to switch the X,Y controller to remote. 

48. Read the X and Y encoders, then using (.0001)/FLC as the number 

of radians per step calculate XERR and YERR where FLC is the effective 
focal length of the collimator. 

XEPR, ■= (X-XOFFST) (.0001) /FLC radians 
YERR » (Y-YOFFST) (.0001) /FLC radians 

Command bands 1,2, 3, 4, 5, 6 and 7 to "OFF." 

Instruct the operator to turn off the auxiliary detector plane 
cooling. 

Instruct the operator to turn off the blackbody and visible 
detector sources. 

Command the SIU back to internal MUX usage. 

Print the message 

"END OF SPATIAL COVERAGE TEST, 

X closure error ■ (XERR value) radians, 

Y closure error “ (YERR value) radians." 
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This procedure is used to acquire Che data from Che field of viev measurements 
for one dececcor band in a form suitable for reduction by Procedure B, and 
for print and plot by Procedures C and 0. 

This procedure assumes that ci:e narrow vertical elic is in Che center of 
the band in the y direction, and the narrow horizontal slit may be centered 
in the x direction by a 90-degree rotation of Che slit wheel. 

Data Storage Description 



l 


Data are described for the 2 collimators. The data step size and count must be 
adjusted here in Procedure B to acconanodate practical step size as determined 
by the collimator focal lengths. This adjustment must respect IFOV boundary 
locations, but may allow more incremental steps within boundaries. For 
example, it cakes 20 positions of 0.05 IFOV units (2.125 microradians each) 
to cover one IFOV. However, if the 111-inch focal length collimator were to 
be used each step is 0.9009 microradians, so each data point would require 
cither two steps (I.301S microradians) or three steps (2.727 microradians). 

In the case wh.ere a movement of 1 IFOV is required, 42.5 microradians/ . 9009 
c Icroradians indicates 47 of the .9009 microradians steps are required. Thua, 

13 positions of 2 cteps each plus 7 positions of 3 steps each will be 
equivalent to the desired 20 tositions of 0.05 IFOV. 

For the 108.3 in. focal length collimator, use 23 data steps of .0002 inches 
(2 steps) each to cover each IFOV unit. For the 110 in, focal length 
collimator, use 22 data steps of .0002 inches and one data step of .0003 
inches . 

Figure 1 illustrates the testing procedure to be followed in taking data in 
the y direction, and Figures 2 and 3 illustrate the procedure used in the 
X direction. Figure 4 illustrates the distribution between narrow slit data 
and wide slit data in the x direction. 
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In the y direction, the wide slit is positioned -12.25 IFOV units from the 
center line (see Figure 1), then the slit is stepped in units of 1 IFOV to 
cake Che far field data. The wide slit is not used on Che detectors since 
Che signal level is 10 times saturation, sc stepping stops at -2.25 IFOV. 
Narrow slit dita is then taken after backing the narrow slit- to y «• -3.75 
IFOV units. "Tie narrow slit data is taken until y ■> •♦3.75 IFOV units. The i 
slit location is moved to y ■-*•2.25, the wide slit Inserted, and the 
remaining data are Cakeu. See Table I for Che data storage sequence. 

The X direction data acquisition proceeds in a similar fashion. The slit 
is moved to x >• -17.5 ITOV units, Chen Che wide slit is moved into place. 

At that position only detector 16 is within 10 IFOV of the slit, so only 
detector 16 is used. Finally, when the slit is at -8.5 IFOV, detectors 
16, 9 and 8 are within 10 IFOV units of the slit. Since Che power through 
the slit is 10 times saturation, the wide slit is not stepped across Che 
detectors . 

The slit is changes to narrow size, Chen backed up to the position Illustrated 
in Figure 2. For Che first IFOV, only detector Ko. 16 is within 2 IFOV 
units of the slit. When the slit is 1 IFOV unit frem detector 16, data can 
also be taken on detector 15 since it is then 2 IFOV units away. As the alit 
is stepped further, more detectors come within the +/-2 IFOV data range. 

The data storage is listed in Table II, and the range of data are illustrated 
in Figure 4. 
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Field of View Stepping in y Direction (along scan) 

Note: Units are given here in IFOV units. See 

flowchart for distance give in 3-axis stage steps. 

a. Step in the -y direction to a position which is 12.25 
IFOV units from the band center line. Step 0.2 IFOV 
units further in -y direction, then step 0.2 IFOV units 
in the ■^y direction to minimize backlash. 

b. Rotate the slit wheel to position the wide vertical slit 
over the source. This signal level is 10 times saturation, 
so it should not be stepped across the detectors. 

c. Take data for 10 IFOV positions on the -y side of the odd 
detectors as called out on the flowchart (using a pre-data 
step to avoid taa detector at the end) . 

d. Rotate the slit wheel to position the narrow vertical slit 
over the source. This signal level is set for saturation 
level. The narrow slit data will be taken from 2 IFOV units 
on the -y side of the odd detectors to 2 IFOV units on the 
-^y side of the even detectors. 

e. Move the slit 1.7 IFOV units in the -y direction, then move 
it 0.2 IFOV units in the +y direction to min'.mize backlash. 

f. Take data for 7.5 IFOV units, 23 steps pet IFOV unit, as called 
out on the flowchart. 

g. Step back to the center of the first IFOV on the +y side of 
the even detectors by stepping in the -y direction by 1.8 IFOV 
units, then stepping by 0.2 IFOV units to remove backlash. 

h. Rotate the slit wheel to position the wide vertical slit over 
the source. This signal level is 10 times saturation, so should 
not be stepped across the detectors. 

1. Take data for 10 IFOV positions on the +y side of the even 

detectors as called out on tho flowchart, (use post-date step 
to avoid Che detectors) . 

j. This completes Che acquisition of data in the y direction for this 
band. The slit will be set on the email size horizontal slit and 
Che slit will be moved back to the center of the band. The center 
of Che slit is currently 10.5 IFOV on the side from the even 
numbered detectors. Rotato Che slit wheel. Step the slit in the 
-y direction 12.45 IFOV units, then step 0.2 IFOV units in the +y 
direction to remove backlash. ~ 
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Field of View for bam^. , Stepping in the X direction (across scan) 

The narrow horizontal slit is now positioned between detectors 8 
and 9 of the array. 

a. Step the slit 18.7 IFOV units in the -x direction, then step 
0.2 IFOV in +y to remove backlash. This leaves the center 
of the slit 10.5 IFOV units below detector No. 16. 

b. Rotate the slit wheel to position the wide horizonal slit 
into place. Since the radiance level is 10 times the 
saturation level, this slit should not be stepped across 
the detectors. 

c. Take signal data on detector 16 which is 10 IFOV away at 
this position, then step 1 IFOV and take data on detector 

16 again, and continue until the slit is 3 IFOV from detector 
16 at which L>..ie data will be taken on detectors 16. and 9. Twice 
movel IFOV airf take data from 16, 9, and 8. This is accotnpllshed 
as called out on the flowchart. 

d. <:tep to a position 2.0 IFOV below detector No. 16 in preparation 
for fine slit measurements. The wide slit is currently centered 

0. 5 IFOV below detector 1, Proceed as follows. Step in the 

-X position 1,7 IFOV units, then step in the +y direction 0.2 units 

e. Rotate the small horizontal slit into place 

f. Take data on all detectors which are within two IFOV of the slit, 

see Table II, until the small slit is 2 IFOV units above detector 

1. The procedure is called out on Che flowchart. 

g. Step back to center Che slit 0.5 IFOV above detector I by stepping 

in the -x direction by 1,7 IFOV, then stepping in +3c by 0,2 IFOV 

to remove backlash. 

h. Rotate Che large horizontal slit into place. 

J. Collect data with Che wide slit as called out in Che flowchart, 
moving 10 IFOV units. 

k. The center of the sllc is now located 10.5 IFOV above detector 
1. Return the slit center to the band center reference between 
detectors 8 and 9 as fpllowa.' 

(1) Rotate Che slit wheel to move the small vertical slit into 
place. 

(2) Step in the -x direction 18.7 IFOV units, then step 0.2 IFOV 
units in Che -be direction to remove backlash. 
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Collecting narrow and wide slit data for one band. When two choices 
of step numbers are given, the smaller is for the 108.S^^*colllmator , 
the larger for the 110 ^”*eollimator. 


Start y direction 
(acrosa track) 




Assume narrow vertical 
slit at band center ^ 



Step 374 or 589 stops in 
•y direction, then 10 
steps in -*y direction 




Perform Seq 3 NDl, ND2 
N-2 1,9 

FSTEP-46 or 

47 8 ,16 


Pause so oporator can 
rotato narrjw vertical 
slit into place 


Move the slit 79 
or 80 steps In the 
-y direction then 
10 steps in +y 

«4 4 WAA ^4 AM 


Do 2 times 


Do 8 times 
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seep sllc 573 or 588 steps 
tn -y direction then 10 
steps in '^y direction 
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i 

1 


i 



: 


w 


I: 






Stare 

X direction 
(along track) 



Pause while operator 
rotates vide horizontal ) 
slit into place. ^ 



Perform Seq 
/ N - 2 

V FSTEP-A6 or 47 





/ 


J Pause so operator can 
I rotate narrow horizontal 
\ slit into place 



7 times 


Do 2 times 
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Qiarc of dececcors NDl, ND2 


1 

16, 

15. 

14, 

13, 

12 dummy 

2 

15, 

14, 

13, 

12, 

11 

dummy 

3 

14, 

13, 

12, 

11. 

10 du:/my 

4 

13, 

12. 

11, 

1C, 

9 

aummy 

5 

12. 

11, 

10, 

9, 

8 

dummy 

6 

11, 

10, 

9, 

8, 

7 

duoBsy 

7 

10, 

9, 

8, 

7, 

6 

dummy 

8 

9, 

8, 

7. 

6 , 

5 

dumuy 

9 

8, 

7. 

6 , 

5. 

4 

dummy 

10 

7. 

6. 

5, 

4, 

3 

dummy 

II 

6 , 

5, 

4, 

3, 

2 

dummy 

12 

5, 

4, 

3. 

2. 

1 

dunzny 
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End 

X direction 
(alon^ track) 


Step 79 or 80 steps in -X ) 
direction, then 10 steps y' 
in +X direction 


Pause do operator can 
rotate wide horizontal 
slit into place ^ 


Per font Seq 4 NDl, ND2 

N -2 1,8 

FSTEP ’^46 or 47 9, duomy 


Perform Soq 4 NOl, ND2 
1.8 . 
FSTEP-46 or 47 ^ 


Perform Seq 4 NDl, NDl j 

N“1 l,dunany / Do 7 times 

FSTEP - 46 or 47 ^ 


Pause so operator ca^v 
rotate narrow vertical' 
slit into place / 


Step 861 or 830 steps in 
-X direction; then 10 
steps in +X direction 


FROCEDORE B 
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This procedure reduces Che field of view data for one band, only. 

The 50 percent signal point is determined in X and Y for each detector, 
Chen Che detector center coordinate 1.' calculated. The narrow slit 
data taken 1. to 2. IFOV from a detector is used Co compare with the vide 
slit data. 

I Data Storage Description 

A. Input Data 

See Procedure A. 

B. Output Data 

1. The Y data output consists of 16 data records each with the 
following data items. 

a. Detector No. C 

Records 1-8 will be for detector numbers 1, 3, LS 

. Records 9-16 will use detector numbers 2, 4, 16 

b. PEAm(C) 

PEAKVY(C) is largest voltage for this detector which is 
used for normalization of Che data samples. 

c. Normalized Narrow Slit Data 

This data set consists of nominally 115 sets of X, Y, and 
the normalized voltage VPNNY. 

d. Yl, Y2, YC 

Y1 is Che Y coordinate (obtained by interpolation) of 
Che signal which is O.S of Che peak of the normalized 
data. Yi is the value on Che -Y side of the detector, 

Y2 is the value on the +Y side. YC is the average of Yl 
and Y2. 

e. Normalized Wide Slit Data 

For channels 1, 8, 9, and 16 there is vide slit data. 

This data sec consists of 18 secs of X, Y, and Che 
normalized voltage 7FNVTT. Items 8 and 9 of tiiis set 
(Y ■ -2.25 and +2.25 IFOV units) will not be plotted 
since they are adjacent to Che detector and may show cross 
Calk since Che vide slit has a power density which is 10 
times saturation. These two points will be printed for 
diagnostic interest, only. 

f. VNAVEY(C) VWAVEY(C) 

VNAVEY(C) is Che averaged value of Che narrow slit signals 
which together cc^ine to make up Che second IFOV away 
from Che detector. This value is compared with VWAVEY(C) 




ORIGINAL PAGE IS 
OF POOR QUALITY 



f. ConC'd. 

which is the normalized wide slit response at Y « -3.25 for 
the even detectors or Y - -t-3.25 for the odd detectors. 

g. HBANC 

The band no. of the data taken. 

2. The X data output consists of M6 data records, each with the 
following data items. 

a. Detector No. C 

Records 1-16 will increase sequentially in detector number. 

b. PEAKVX(C) 

This is the same as Y, except the X data are used. 

c. Normalized Narrow Slit Data 

these dace are siiuillar to the Y data. 

d. XI, X2, XC 

These are analogous with Yl, Y2, and YC, above. 

e. NW(C) and Normalized Wide Slit Data 

For data detectors 1, 8, 9, or 16 there is wide slit data. 

There will be a variable number of wide slit d^ta points for 
each detector. The data record should save space for a 
point counter NW and up to 10 sets of X, Y, and VPN as follows. 

Detector No. C NW(C) 

1 and 16 10 

8 and 9 5 

f. VNAVEX(C) and VWAVEX(C) 

These are analogous to the Y data, except only detectors 
1 and 16 hove data entries. 

g. NBA2TO 

The band no. of the data taken'. 

Y Data Reduction 

A. Repeat the following for the odd no. detectors 1, 3, 15. 

1. Field of View in Y (Scan) Direction 

For Che detector with channel no. C, extract Che 115 small 
slit data points VPPNY from Che file. The peak value will 
nominally be the 58th, but search the array for Che peak; 
call this PEAKVY(C) to get VPNNY. Save this data. Search 
Che normalized data on both sides of the peak for Che two 
values which are less chan 0.5. These will be nixninally 
at the &7ch and 70th points. Take vhe two adjacent normalized 
data values which are just larger chan 0.5 and by linear 






t 
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CoRC'd. 

Interpolacloa determine the two Y values for V?NHY « 0.5 as follows. 
For the lower Y value edge. 

Let t be the element such that VPlWY(l) <0.5 and VPNNY(1 + 1) 

> 0.5. Then the half width coordinate Is given by the linear 
Interpolation formula. 


Y(i) 


YHM - (Y fl-H) - Y (i)) (0.5 - VFWKY (t)^ 
VYNNY (t+1) - VPSHY(1> 

Let Y1 B -YHU for this coordinate on- uhe >Y side of center. 
Similarly, the coordinate for the higher Y value edge Is 
given by (1) where 

^(1) Is Che coordinate for VPNNY(l) > 0.5 
^(l+l) is the coordinate for VPNNY(l+l) < 0..’5 


Let Y2 <• YHW for this coordinate on the +Y side of center. 
Calculate the coordinate of the center -of the detector, YC, from 
Che two half width coordinates Y1 and Y2 as follows: 

YC - Y1 4- Y2 
2 

Save the Yl, Y2, YC for future use. 

If the detector Is numbered I or 9, extract the wide slit 
data VPPWY(t). There will be 18 values; the first 10 are 
from Che -Y side of the detector, and the remaining 8 *'re from 
the +Y side. The tenth value, coming from a position of 

Y ■ 2.25, Is adjacent to the detector and may have cross talk 
obsurlng its value since the wide silt has 10 times Che detector 
saturation power, this value Is not plotted with the field 

of view data, but Is Is printed for diagnostic value. 

Normalize the 18 vide silt data values as follows: 

vpNWY(i) - vpmen 1 - I, .... /S (3) 

PEAm(C) * 10 
and save these values. 

Small Slit and Vide Slit data Match 

The 24 values of Che VPNNY array that come from positions 

Y ■ -3.25 to Y --Z.75 are averaged to compare with the -wide silt 
data from position Y « -3.25. The first and 24th entries are 
divided by 2 to allow for the overlap of the narrow silt past 
Che IFOV boundaries at chose points. 

VNAVZY(C) VPNNY(C, 24) ^ VPNNY(C, l]| ^3 


( 1 ) 


( 2 ) 


23 (4) 


narrow slit average should be cCTpared to 
VWAVEY(C) » VPJWY(C,9) 









( 
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2. Cone d. 

Sava VNAVEY, VWAVEY. Theae nuabero are the match between 
small slit data end wide 8 Lit data at 2 IPOV from the 
detector. 

B. Repeat the following for the even number detectors 2, 4, 16. 

1. Field of view In the Y (scan) direction. 

Extract the narrow slit data, normalize It, and calculate 
Yl. Y2, and YC as In A1 for the odd detectors. 

If the<ir^tor Is numbered 8 or 16, extract the vide silt 
data VPPWY(l), there will be 18 values; the first 8 are freas 
Che Y side of the detector, and the remaining 10 aro from Che 
4-Y side. The ninth value, coming from posiclon Y « 4-2,25. 
adjacent to Che detector and may have cross talk obscuring 
Its value since Che wide slit has 10 times the detector 
saturation power. This value Is not plotted with Che field 
of view data, but is is printed for diagnostic value. 

Kormallze the 18 wide silt data values using equation (3) 

. and save them for subsequent use. 

2. Small silt and wide slit data match 

The 24 values of the VPNNY array that come from positions 
Y ■ 2.75 t.' Y a 3.75 ora averaged aa In equation (4) to 
compare with the vide silt data from posiclon 4 *> 3.25. 

Thus far C ■ 8, 16. 

VKAVBY(C) .[ vnnnf(c. n)* vpmy.iis) ^ ^ vprarre.i]) i, 

Lot VWAVEY(C) - VPIWY(C,10) (7) 

Save VKAVEY and VWAV^ as these are Che ccsnparlson between the 
narrow and wide silt data. 

Ill Data Roducclon 

Repeat the following for all detectors 1, 2, ,16. 

A. Field of View In Direction Nozmal to Scan (X) 

Extract Che II5 narrow silt VFFKX data values for the detector tram 
the file. The starting X oosltlon Is given by 25<’*ia>ET4’ll, and 
the ending X position Is XS^MDET+b. 044 where Che data steps eseximed 
are ^3 IFOV. 

The nominal peak value of the detector Is at the SStii point. 

Search the data array for tho peak value; call this PEARTX(C); 
save It. Normalize the data by dividing by PEAX7X(C) to get 
VPNNX save this array. Search the normalized data on both sides 
of Che peak for the two values which are less dian VPNNX SO. 5. 

These will be nominally at the 47ch and 70th point. 


Cone ' d . 
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Using these 2 values and the 2 adjacent values just larger than 
VPNNX >0,5 linearly Interpolate for tho X values corresponding 
to VPNHX - 0.5, 


Let i be Che number of Che element such Chat VFmQC(i) SO. 5 and 
VPNNX (1+1) >0.5. Then Che half width coordinate is given by 
Che linear interpolation formula. 


XHW 


(X(i+I) - X(t) ) (0,5 - VPWHX(l) ) 
VPNNX(i+l) - vpmcc(i) ' 


( 8 ) 


Lee X1>^CHW for this coordinate on the -X side of center. 


Similarly, Che coordinate for the higher X half width is foumi 
by letting 1 be the element such Chat VPNNX(i) 20.5 and VPNNX(1+1) 
<0.5. 


Let X2 ■ XHW for this coordinate cn the +X side of the detector 
center. 

Calculate the detector center coordinate XC by: 

XC ■» XI + X2 (9) 

2 

Save XI, X2 and XC for future use. 

The wide slit data exists for detector number C » 1, 8, 9, and 16 
and is variable by detector number. The starting X value on the 
minus side of the detector XSM is given by: 

XSM » -C -1.5 IFOV (10) 

The ending value on the minus side XEM is: 

XEM - - 8.5 IFOV (11) 

Thus, only detectors 8, 9, and 16 have wide slit data points on 
the minus side. 

The starting X value on the positive X side of Che detector, XSP, 
is given by: 

XSP " +8.5 IFOV (12) 

The ending value on the positive side, XEP, is: 

XZP - 18.5 - C IFOV (13) 

Thus, only detectors 1, 8, and 9 have wide slit data points on Che 
positive aids. 

Thus detector I has 10 wide slit data points, VPPWX(1, P) for 

P-1, 10 all from Che +X side. Detector 8 has 5 wide slit 

data points, VPPWX(8, P) for P=l, ....5. The first two from the 
-X side and the remaining three from Che +X side, 'nie five values 
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A. Cont'd. 

for detector 9, VFPWX(9,P) for P ■ I, 5, come 3 from the -X 

side and then 2 from ^e -fX side. Finally, detector 16 has 10 
vide slit data points, V?FWX(16,P), P^l, ......... 10, all from the 

•X side. 

Normalise the wide slit data forming the array VPNWX by the 
equation: 

VPNWX(C,1) - VPPWX(C,i)/^0*PEAm(C) ),i-l, 5 and 10. 

B. Small Slit and Wide Slit Data Match 

For the odd detector number 1, the 24 values of the VPMHX array 
that come from positions X *> 9.0 to X » 10.0 are averaged as in 
equation 4 to compare with the vide slit data froa position X * 9.5. 
Thus: 

VNAVEX(I) - rvPVNXq.92U VPNNXa.115) -t 114 VPNNX(l,i)*] 1 (14) 

L 2 1^3 J 23 

This narrow slit average should be compared to; 

VWAVEX(l) • VPNWXd, 2) (15) 

For the even detector number 16, the 24 values of the VPNNX array 
that come frcKn positions X ■ -10.0 to X ■ -9.0 are averaged as in 
equation (4) to compare with the vide slit data from position 
Xn -9.5. Thus: 

VNAVEX(16) -j vPWNXd.l) -t- VPCTOCd. 24) + 2^ VPNNX(l,l)l I (16) 

This narrow slit average should be compared to: 

VWAVEX(16) - VPNWX(16, 9) (17) 


Save Che VNAVEX and VWAVEX values. 


PROCEDURE B 

Data Reduction for one Band 
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Variables 



XKY(C,P) 

C»1 16 

P-l, ,115 

X> coordinate fms which pth narrow slit 
saaple came when sweeping in Y-direction, 
Channel C. 

collected in 
Procedure A 

YNYCC.P) 

C-1 16 

P-l, 115 

Y-coordinate from which pth narrow slit 
sample came when sweeping in Y~direction, 
Channel C. 

Collected in 
Procedure A 

VPPNY(C.P) 

C-1, 16 

P-l ,115 

Peak-to-peak signed (from VPEAK) of Channel 
C, pth sample sweeping Y direction. 

Collected in 
Procedure A 

PEAKVY(C) 
C-1, 16 

Peak value ip VPPNY(C,P) 

Calculated here 

VPNNY(C,P) 

C-1; ,16 

P-l ,115 

Normalized VPPNY array 

Calculated here 

XWY(C.P) 
C-1, 8, 9, 16 
P-l 18 

X-coordinate from which pth wide slit sample 
came when sweeping in Y-direction, channel C 

Collected in . 
Procedure A 

YWY(C,P) 
C-1, 8, 9, 16 
P-1,. ..,18 

Y-coordinate from which pth wide slit sample 
came when sweeping in Y'dlrectlon, Channel C 

Collected in 
Procedure A 

VPPWY(C,P) 
01,8,9,16 
P-l, 18 

Peak-to-peak signal (from VPEAK) of Channel C, 
pth sample sweeping Y direction. 

Collected in 
Procedure A 

VPNWY(C.P) 
01,8,9,16 
P-l, ,18 

Nonaallzod VPPWY array 

Calculated here 

VNAVEY(C) 
Ol, 8,9,16 

Average value for Channel C of- normalized 
narrow slit data 

Calculated here 

VWAVEY(C) 

Channel C, normalized wide slit data far 
comparison with VNAVEX 

Calculated here 

Y1(C) 

Ol 16 

-Y side 50% point for Channel C 

Calculated here 

Y2(C) 

Ol 16 

+Y side 50% point for Channel C 

Calculated hero 

YC(C) 

C-1 16 

Channel C center 

Calculated here 


PROCEDURE B 

Data Reduction for one Band 
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Variables 

NW(C) 

C-1,8,9,16 


XNX(C,P)A 
YN-X(C.P) \ 
VPPNX(C,P)1 
PEAXVX(C) V, 

vpirax(c,?> f 

XI (C) I 

X2(C) ) 

XC(C) 

xwxfc.pA 

YWX(C.P) \ 

vppwx(c,p)V 

VPNWX(C,^ 

VNAVEX(C)\ 

VWAVEX(C)j 


Number of vide slit data points for Data Base 

ChannelC, X direction 



Same as above, except sweeping 
in X direction 


NBAND 


Number of band data cmses from 




FuncCloait 




AHW(A1,A2, Bl, B2) ” ( A2 - Al^ (0.5 - Bl) + A1 

(B2 - Bl) 


AVE(V(1), V(2C)« 


+ v(i) I 

Io2 J 


Procedure B flowchart 



'X«C+1)_JWpEAKVV(C)= max VPPNY(C 
^ A 1 - 1,115 


,.r) 


VPnNY(C,i)-VPPNY (C.l) 'PEAKVy(C), 1=1,,.. 115 


find L closest to 47 

VPNNY <C,i) £ 0.5 and V?im (C,i+1) > 0.5 


Yl(C)-AHW(YNY(C,l),YNY(C,l+l), VPNNY(C,1), VPIffiY(C, 1+1)) 


find 1 closest to 70 ' ^ 

VPNNY(C.l) ^ 0.5 and VPNNY (C,i+1)< 0.5 


Y2 ( C) “AKW ( Y NY ( C , 1 )jYNY (C , 1+1 ) ,VPNNY(C, O ,VPNNY(C, 1+1) ) 


i: 

par ; 
"•St? 


YCCO^CYKC) + Y2(C))/2j) 


C»l,8,9, or 16? 


O 



B 
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/ find 1 closest to 70 such that 

VPNNX(c.l) > 0.5 at.d VPNKX(C,i+l) <T 0.5 






, X2(C)*AHW(XNX(C,i) . XNX(C, t+1) ,VPNNX(c, i) ,VPNNX(C, i+l)j 




XC(0- (Xl(C)+X2(C))/2 




C-1,8,9, or 16? — i!H 


2 


tD 


X” 


Yes 


VPNWX(C,i)«>VPPWX(C,i)/(10^PEAKVX(C)) 1 =1,.../^C) 



^ y VWAVEX(C)=VPNWX(16,9) 

^^VNAEX(C) - AVE (VFNWX (C. 1) , . . .VPWNXCC. 2A1 




VNAVEX(C) = AVE(VP1Q«(C.94),..,VPNNX(C,115)) A 
VWAVEX(C) = VPNWX(l,2) ' / 
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PROCECURE C 


This procedure retrieves date scored by Procedures B and E which allow 
conversion of X and V fron steps to radians. The field oC view dac.i 
for the bond la Chen checked asalnsc the specified parametersi and Che 
reaulta printed. 

I npuc Lata 

The data from Procedure Y. Includes REFX, REFT. T>1AHCX, TMANGY, XOFFST, 
YCFFST, and JT.C. See Procedure E for definitions. 

The data from Procedure B includes NBilND, Detector No., PEAKV, narrow 
sllc array data In secs of X,V, VPN where X.V are in step count unics, 
XI, .X2, SC, Yl, Y2, YC all In seep count unics, wide slit daca In sacs 
of X.Y, and VPN, VNAVE, and WAVE, 

Conversion from Step to R.adlans 

The conversion equations are described In Procedure E and are repordiKed 
here. 


RSTEP - .0001/FLC 

ANGLEY - Y*RSTEP+-TMANGY-R£Fy-iO.01945'n'/180. (1) 

ANCLX - X*RSTEP+T>IANGX-REFX (2) 

Specified Values for Each Band 

A, Bs:td Centers (in milliradians) , BC relative to the optic axis 

BAND YBC 2^ 

1 +3,6291 0. 

2 +2.5667 0. 

3 +1.5041 0. 

4 40.44174 0. 

5 -2,5758 0. 

6 -1.4708 0. 

7 -4.0631 0. 

LED -0.23947 0. 

B. Detector Cen-er (in milliredlana) for B^nds 1-5, 7 

1. T Coordinate relative to bond cantor (3) 

pc - 1,25*. 0425 (+l-2*K0DULO(NDET,2)) 
where NDET Is the detector No. 

2. X Coordinate relative to band center 

.XDC - M.5-‘n)E7)*,0425 


( 4 ) 
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Prucsdure C 


C. OpCUBuir Detector EDGES XIP, YIP, X2P, Y2P 

The ideal Iocati> ■( for the detector edges is giveii hy 
r.lP - XDC+XBC-.02125 milliradians 
X2P - XDC+XBC+.02125 

YIP «• YDC4YK-. 02125 
Y2P - YDC+YBC+.02125 

D. Detector Width, (X2-X1) OR (Y2-Y1) Specified 


MINIMUM DIFFERENCE 


MAJtIMUM DIFTERENCE 


.0^19 milliradians 

.0419 

.0419 

.0419 

.04115 

.1656 

.04115 


.0431 milliradians 

.0431 

.0431 

.0431 

.04635 

.1744 

.04635 


E. Detector Location and Size Printout 
Perform the fallowing 16 times. 

1. Input X and Y data records for this detector. 

2. Convert all coordinates to radians. 

3. Score the converted data in Che plot file. 

4. Calculate 0:i-X2 >XI 

DY-Y2-YI 


5. Print Che following 

a. Detector No. 

b. XDC+XBC 

c. XC 

d. XIP 

e. XI 

f. X2P 

g. X2 

h. DX 

i. "in spec" or "out spec", see D above 
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Procedure C 

J. error amcunc if out spec, 0. If in spec 

k. YDC+YBC 

l. YC 

m. YIP 

n. Y1 

o. Y2P 
P. Y2 

q. DY 

r, "in spec" or "ouc spec", see D above 
8. err amount if ouc spec, 0. if in spec 

F. Tabulate Curve Data for Small and Large Slits 
Print the following data in compact form. 

*1. Narrow Slit Data 

a. Y direction 

This data consists nominally of 115 sets of X, Y, VPN with 
X, Y expressed in radian measure from Che axis and VPN is 
the normalized voltage, 

b. X direction 

This data consists nominally of 115 sets of X, Y, and VPN 
data as above. 

2. Wide Slit Data for detectors 1,8,9, and 16 

a. Y direction 

This data consists of 18 secs of X,Y, and VPN, plus VNAVE 
and WAVE. 

b. X direction 

This data consists of NW sets of X,Y, and VPN where NU is a 
function of detector No. Detectors 8 and 9 have 5 points. 1 
and 16 have in points. Only detectors 1 and 16 have VNAVE 
and WAVE valuen. 



PROCEDURE D 
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This procedure cakes data stored la Che plot file by Procedure C for each 
band and forms cvo types of plot. The first plot la Che detector location 
plot. This consists of the outline of Che 16 detectors in the band for 
ideal conditions vrith Che XI, X2, XC and Yl, Y2, and YC measured points 
plotted on the outline. 

The second plot consists of a presentation of the narrow and wide slit 
data for each axis This will require 32 

plots for each band. 

I Detector Location Plot 

The ideal location of each detector edge is given by equation (5) 
through (8) of Procedure C. The ideal detector size for bands 1 
through 5 is 42. S microradiam square. The plot scale should be 
chosen to give Che best resolution possible. Since the 16 detector 
array is 3.5 IFOV wide (143.75 nicroradians) , a scale of 5.0 IFOV 
in 10 inches would seem reasonable. This would produce a plot 3 
feet in length vd. th legend, but only one such plot will be made 
per band. 

On this scale of 2 inches/IFOV unit, the edge tolerance will be +0,03 
finches for bands 1-4 and +0.12 inch in band 5, Since the function 
of Che plot is Che illustration of any gross errors and systematic 
errors, this resolution should be adequate. 

II Detector Field of View Plot 

Each axis of a given detector is the- subject for this plot. Thus, .^2. 
plots will be required. 

Both Che narrow slit and wide slit data are to be includeu on 
cne same plot. This requires an abscissa dimension of 23.5 IFOV units. 
One appropriate scale to use is f inches/IFOV for the central +3.75 
IFOV, Chen, on the same plot, use a scale of 0. ^inches/IFOV for points 
outside these limits (wide slit data) for Y plots. 

The X plots may use a scale of 2 inches/IFOV units for Che central +2.5 
IFOV units, Chen a scale of 0.5 inch/IFOV unit outside this range. 

Ill Plot Priority 

The plotting should not be allowed to slow up Che test. The information 
is stored in a plot file, and plotted during theodolite oeCClng after 
Che Procedure C print is complete as time is available. 
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This procedure Is called when it is desired to move the Thematic Mapper 
Instrument relative to Che collimator In the field of view tests. The 
movement Is monitored by manually autocolllmatlng a theodolite on the TM 
scan mirror. 

The TM will be located at the following points. 

1. At Che LED reference point. 

2. Centered between Band 3 and Band A. 

3. Centered between Band I and Band 2. 

4. Centered between Band 5 and Band 7. 

5. Returned to LED at close of testa. 

The procedure should be called with a switch parameter IBAND which will 
specify which of the 3 settings above Is desired. 

The following parameters must be kept In intermediate files In a fashion 
which allows access by this procedure. 

RETSf, the theodolite reading (converted to radians) when the narrow 
vertical silt Is aligned with the LED. 

REFX, the theodolite reading converted to radians when Che narrow 
horizontal slit Is allgoed with Che center of the 3 LED. 

TKANGY, Che theodolite reading converted to radians when Che TM Is 

positioned with the center of the collimator projected near to 
the position specified by switch IBAfID. 

YOFFST, Che number of steps In Y required to bring the collimator axis 
nn Che position specified. 

TMANCX, analogous to TMAHY, bit In K. 

XOFPST^ analogous to YOFFST, but in X. 

FLC, data base value for effective focal length of colliisaCor. It Is 
used to calculate Che number of radians per step. 

I Set at LED Reference Po<.nt (IBAND"i) 

A. Silt Setting 

1. Instruct Che operator to manually drive Che Y silt cable 
Co center of scan. 


2. Repeat for X 
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3. Instruct tha oparstor to move the narrow vertical slit into 
position, 

4. Instruct the operator Co step In Z until tha slit is at Che 
previously decen&lnod focal position. 

5. Instruct the operator to sat the X,Y,Z and slit wheel controller 
in the reoioce posit lone.- 

6. Zero X,Y,Z and slit wheel controller. 

7. Ask Che operator to input the readings for X,Y,Z slit wheel. 

8. If readings in 7. are not all 0, repeat S. to 7. 

LED Alignment 

1. Insccuct (.!'.« operator to align the slit on Che LED by ooving IM. 

2. Step the slit wheel to position the narrow horizontal ollt into 
place. 

3. Instruct the operator to center Che middle LED in the slit 

4. Set Che slit wheel Co position the narrow vertical slit into 
place. 

Note: It is assumed that Che equipment registration 

has been previously perfected so rscheck is 
unnecessary between X,Y in steps 1. Co 4., 
otherwise, repetitive operator interaction is 
required. 

5. Verify X, Y are still zero by reeding their output. If not, 
re-zero them. 

Sec Reference Position 

1. Instruct the operator to oucocolllmate Che cheodollco on Che 
scan mirror— avoiding angles greetar than 350 degress or less 
Chan 10 degrees. 

2. Request cho operator to input Che Cheodolico azimuth reedings. 
Store it as 

RYDEC, RYMIN, RYSEC 
Convert to radian measure by 

AMCY - (RYDEG+RYMIN/60.+RYSEC/3600.)7T'/180. (1) 

REFY- ANSY 

If REFY is greater than 6.11 radians or less then 0.17 radlsna 
repeat 1. 
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3. Re<iuesc che operator to input the theodolite elevation angle. Store 
it as 

lUCDEG, RXMIM, RXSEC 
Convert to radian measure by 

ANGX - (RXDEG+RXMIN/60.+8XSEC/3600.)ff/180. (2) 

REFX-ANGX 

NOTE: If RXDEG is negatl' assume that RXMIN ans RXSEC are also 

negative. That is ^ set 

RXMIN 1 -ABS(RXMIN) 

RXSEC - -ABS (RXSEC) 

IF RXDEG IS - 

NOTE: Standard theodolite procedure consists of taking a reading, 

then flipping the telescope for a second reading. However, 
since theodolites differ in their use, it is assumed that the 
operator does the averaging before input. This may be revised 
if desired, when the exact theodolite is chosen. 

4. Sec Che Current Angle Indicators 

TMANGX = REFX ’ (3) 

TMANGT - REFY (4) 

5. Sec Che Offsec 

Since this is che reference position no steps will be required to 
move into che center position, so sec 


XOFFST » 0. 

(5) 

YOFFST - 0. 

(6) 
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II Sec ac cencer of Band 3 and Band 4 (IB4ND 2) 

The cencerof Band 3 and Band 4 ta specified co be 0.07SI9 degrees from 
Che LEDS. 

Sec DELTAY - 0.07519 
DELTAZ » 0. 

Chen follow Che common procedure aC V. 

Ill .Sec ac cencer of band 1 and band 2 (1BAND<*3) 

The cencer of band I and band 2 Is specified Co be 0.19694 degrees 
from Che LEDS. 

Sec DELTAY - 0.19694 
DELIAX » 0 

Chen follow Che comsion procedure ac V. 

IV Sec ac cencer of band S and band 7 (BA1]I>»4) 

The cencer of band 3 and band 7 is specified co be •0.09647 degrees 
from Che LEDs. 

Sec DELTAY - iO. 09647 
DELTAX - 0 

Chen follow che commoi. procedure aC V. 

V Common procedure for Bands 3,2, 5 
A. Remove previous offsec by 

1. SCep in Che X dlreccion by -XOFFST sCeps. Remove backlash by 
overcravel and recurn if "XOFFST" is -. 

2. SCep in Che Y dlreccion by 'YOFFST seeps. Remove backlash by 
overcravel and reCurn if "-YOFFST" is 

B. CalculsCe new cheodolice seCClng 

1. ConverC reference Co degrees 


RXD=REFX*l80./iy (7) 

RYD-REFY*180./TT (8) 

2. Add 8 Cep Co new band 

XD=RXD+DELTAX (9) 

YD=RYD+DELTAY (10) 


3. Converc Co cheodolice coordinaCes 

This procedure la mosc easily described in FORTRAN as follows: 




original 

IDEG-YD POOR 

RYMIH-(YD-IDEG)*60 
mlN-RYMIN 

RYSEC- (RYMIN-IMIN) *60 . 

RYMIN-IMIN 
RYDEG-IDEG 

where IDEG and IMIN are inCegere. 

RXDEG, RYMIN, and RXSEC are determined in a similar fashion. However, 
if XD is negative, it is easier to convert the absolute value, then 
apply the sign. 

C. Move the Thematic Mapper 

1. Instruct the operator to move the TM so the theodolite autocollimated 

on the scan mirror will be "approximately RXDEC, RRMIM, RXSEC in elevation 
and RYDEG, RYMIM, RYSEC In azimuth." Emphasize in the message 
that the exact value is not essential because it will be "trimmed" 
by the X-Y table. 

2. Ask the operator to Input the elevation and azimuth angles. Store 
them as RXDEG, RXMIN, RXSEC, RYDEG, RYMIN, RYSEC. 

3. Calculate the current angle in radians using equations (1) and (2). 


TMANGX-ANGX (11) 

TMANGY-ANGY (12) 

4. Calculate offset needed 
RSTEP-.OOOl/EXC 

X0FFST»(XD*Tr'/180.-TMANGX)/RSTEP (13) 

XOFFST«(YD*IT'/180.-TMANCY)/RSTEP (14) 


NOTE: Round these to nearest step 

5. Step off the Offset 

a. Step in the X direction XOFFST Steps. If OFFST is -, 
add in >10 steps, then return -flO steps to remove 
backlash. If XOFFST is +, no backlash compensotion is needed. 

b. Step in the Y direction YOFFST steps, and remove backlash 
as in a. 

NOTE: The slit center should now be at band center. The 

calculation of angles from the axis TM axis using the 
present settings are given by 

RSTEP '.0001/FLC 

AHGLY-Y*RSTEP+TJlAa?Y-R2rY-K). 01945* /180. 

ANGLX“X*RSTEP+TMANGX-REFX 


(15) 

(16) 
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since X Y counters contain the offset between 
121/^GX AtX XO as well as between TMAIIGY AlID YD 

VI Return to LED at End of Test (IBAND^S) 

LED center is specified by 

DELXAX=0 

DELTAY-0 

then follow the common procedure of V. 
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Variables 


IBAND 
REFY 
REFX 
TMANGY 
YOFFSET f 
'IMANGX I 
XOFFSET J 


IM location flag 


Intermediate files 


FLC 

RXDEG ^ 
RXMXN 
RXSEG 
RYDEG 
RYMIN 
RYSEC 



focal length of collimator, data base 


Input or Output 



Procedure E 
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locate TM at LED reference point 


Request cheodoLlte 
azimuth angle 
RYDEGO, RYMIN^, RYSEC" 
input from CRT 
(echo into event log) 

REFY = (RYDEG + RYMIH + HYSEC)*_Tf 
60 3600 180. 

^ 

Output REFY to CRT with message If^ 
REFY > 6.11 or < .17 request repeat 
of autocollimatton 


Request theodolite elevation angle' 
RXDEC®, RXMIN^, RXSEC" Input from 
CRT (echo i.ntt event log) 
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XOFFST> 0? 


locate TM between bands 3 and 4 
or between bands 1 and 2 
' or between bands 5 and 7 

vO^es or at LED's 


Step -XOFFST 
steps in + X 
direction ^ 


^tep XOFFST + 10 steps^ 
in -X direction, Chen 
10 steps in -be direction 


YOFFST > 0? 


■'Scep^ •^FST' 
steps in +y 
direction y 


r^tep YOFFST +10 
steps in -y direction, j 
then 10 steps in +y y 


Procedure £ 
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XD = REFX ISO 

7r 


YD - RE>-Y 180 + DELTAY 


Convert Y D whicn Ls a real numoer 
to RYDES® RYMN', RYSEC" 



to RYDEG°, RYMINI, PYSEC 

3 : 


/ RYDEG - -RYDFG 
/ RYi:iN = -RYMIM 
/ RYSEC «• -RYSEC 


Instruct the operator to move the TM so 
chat theodolite aucocolllmated on scan 
mirror"approxiraately'' RXDEG® RSMIN , RXSEC"^ 
in elevation and RYDEG® RYMIN , RYSEC" 
in azimuth 

_ 


Request theodolite elevation angle RXDEG® 
RXMINl RXSEC" 

input from CRT (echo into event log) 


Procedure E 
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Request theodolite azimuth angle 
RYDEC® RYMIN* RYSEC" 

Input from CRT (echo into event log) , 


IMANGX - (RXDEG + RXMIN + RSSEC) 

60 3600 180. 


TMANCY » (RYDEC + RYMIW + RYSEC) * 'i'T 
60 36C0 180 




XOFFST - 

XD * 'TT - TMANGY 

X FLC 


180 

.0001 

YOFFST - 

YD * Tf - TMANCY 

* FLC 


180 

.0001 



"Step XOFFST steps 'X 
in the 4x directi^^ 


N 



Step -XOFFST + 10 
fteps in Che -x 
direction, then 10 
steps in Che directiony 


Step YOFFST steps ] 
in the +y direction 1 


Step -YOFFST +10 steps 






in the -y direction, i 
chan 10 stspo in the y 
+y direction 
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PROCEDURE F 


This procedure Is used to acquire the data from the field of view 
measurements for detector Band 5 in a form suitable for reduction 
by Procedure C, and for print and plot by Procedures H and I. 

This procedure asaumes that Che Band 6 vertical slit is in Che cenCer 
of Che band in Che Y direcCion, and Che narrow horizontal slit may 
be centered in the X direction by a rotation of the slit wheel. 

Data Storage Description 

Data are described as chough either a 108.3" or 110" focal length collimacor 
is used. The data step size and count must be adjusted here end ic Procedure 
G Co accommodece oractical step size aa determined by the collimacor focal lengths. 
This adjustment muse respect IFOV boundary locations, but may allow raora 
incremental steps within boundaries. For example, it Cakes 20 positions 
of 0.20 IFOV units (8.5 microradians) to cover one Band 6 detector of 4 
IFOV units. However, if Che 111-loch focal length collimator were to be 
used each scop is 0.9009 microradians, so each data point would require 
either 9 steps (8.11 microradians) or 10 steps (9.01 microradians) whereas 
2 IFOV units ace 8.5 microradians. In the case where movement of 1 detector 
size is required, 170.0/. 9009 microradians indicates 189 steps. Thus, 11 
positions of 9 steps each plus 9 positions of 10 steps each give Che required 
189 steps of 20 positions, averaging 0.2 IFOV units. 

Figure 1 illustrates Che testing procedure tc be followed in taking data 
in the X or Che Y directions. Only one size slit is used on Band 6. It is 

0. 4 IFOV units wide. 

The Y data are acquired by stepping the slit from Y°»18.0 IFOV units from 
Che band center to Y <M-I8.0 IFOV units in 208 steps. The X direcCion is 
similar. 

The data acquisition steps will now be described. 

1. Field of View stepping in Che Y direction (along scan) 

% 

a. Step in the -Y direction to » position which is 18.0 IFOV units 
from the band center. Step 2C steps further in -Y direction, then 
step 20 steps in -tV to remove backlash. 

b. Take data on all four detectors from Y« -18.0 to -Ki^O IFOV units 
ss called out in flowchart. 

c. Rotate Che slit wheel to position the horizontal Band 6 slit 
into place. 

d. Return Y to band center ay stepping in Che -Y direcCion by 18.2 
IFOV units •K).2 units for overtravel for a total of 18.4 IFOV units 
Chen step in the +{ direcCion by 0.2 units to remove the backlash. 
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e. Step in Che -X dlreccion 18.2 IFOV units, then seep 

in Che +X dlreccion by 0.2 units Co remove Che backlash. 

f. Take data on all feur dececcors from X<> -18.0 to -t-lS.O 
IF07 units as called out in Che flowchart. 

g. Rotace Che slic wheel Co position Che vertical slit into 
place for Band 6. 

h. Return X Co band cencer by stepping in Che -X dlreccion 
by 18.2 IFOV units +0.2 units for cvertravel for a total 
of 18.4 IFOV units, then step In the +X direction by 0.2 
units co remove the backlash. 


12 IPOV UNITS 


VERTICAL SLIT 
O^a. I?OV UNITS 


HORIZONTAL SLIT 
QXH- IPOV UNITS WZDS 


X AND X DIEECTIOK MEASUR2KSKT PARAMETERS PCS BAND 6. 

FIGURE 1 
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CoMecciag dace for Hand 6 
along and acroaa Crack 
(X and Y dlrecCion) 


la 

When cvo choices of seep numbers are given, chs smaller is for Che 108.3 
colllmacor, Che larger for Che 110^^* collimacor. 


scare y 
direct Ion 


I Assume vertical Band 
6 slic ae Band 6 Cencer 


|scep 842 or 855 seeps 
' In the -y direction, 
Chen 10 steps in the 
I +y dlrecCion 



Pause so operator can sec 
I sllc Co horizontal }and 6 
slit 


Li 


9 






0RIGIJV4L 
POOR 

PROCEDURE C 

This procedure reduces che field of view daca for Band 6, only. The 50 
percent signal point is deterained in X and Y for each detector, Chen Che 
center coordinate is calculated. 

I Data Storage Description 

NOTE: Data are described as Chough oicher a 108.3" or IIO" focal 

length collimator is used. The data step else and count 
must be adjusted here and in Procedure F to accommodata 
practical step size as determined by che collimator focal 
length. 

A. Input Data 

See Procedure F 

B. Output Data 

The Y data output consists of 4 data records, each with che following 
data items. 

. 1. Detector No., C. 

Records 1-4 correspond to detector 1-4, respectively. 

2. PE/1KVY(C) 

PEAKVY(C) is che largest voltage for this detector which is used 
for normalization of che data samples. 

3. Normalized Dace 

This sec consists of nominally 208 sots of XY, YY, and che 
normalized voltage VFNY. 

4. Yl, Y2, YC 

Y1 ia Che Y coordir.ace (obtained by incorpeiation) of the signal 
which is 0.5 of the peak of Che normalized data. Yl ie the value 
on the -Y side of the detector, X2 is che value on che -^Y side. 

YC is the average of Yl and Y2. 

The X daca output is similar to the Y data. 

IX Y Data Reduction 

Repeat the following for detectors 1 through 4 field of View in Y direcCon. 

Exact che Y data from che file, consisting of nominally 208 sets of 
XY, YY, and VFPY data. Search che array for the peak value which will 
nominally be VPPY(i) where i is che average of N0MY16(C) and N0MY26(C). 


page is 
quality 
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Detector No. C 

NOKYierc^ 

i 

N0MY26(C) 

1 

64 

75 

86 

2 

122 

133 

145 

3 

64 

75 

86 

4 

122 

D3 

145 


Call this peak value PEAKVY(C) and aava ic. Hormallze the data by dividing 
by PEAKVY(C) to get VPtJV, save this date array. 

Search the normalized data on both sides of the peak for the tvo values 
which are less chan 0.5. These will be nominally at array elementa 1 > 
N0MY16(C) and NOMy26(C). In addition Co these two values, use tbs two 
adjacent values which are just larger chan 0.3 and by linear interpolation, 
determine Che two X values for VPm» O.S as follows. 

For Che lower Y value edge. 

Let i be such that VPNY(i) ^ 0.5 and VPNY(1+1) > 0.5 

The half width coordinate YHM is given by 

. iYY(ifl)-YYa))C0.5-VPNY(i)) ->YVm_ 

VPNY(i-H)-V?NY(t) 

Let Y1»YHW for this coordinate on Che *Y side of center. 

Similarly, the coordinate for Che higher Y value edge is given by (I) where 

1 is such 6hat VPNY(i)^0.5 and VPNY(1+1)< 0.5 

Let Y2»YHU for this coordinate on Che +Y side of center. The coordinate 
of Che canter of Che detector YC is Chen given by 

YC - Y1+Y2 
2 


Save Yl, Y2, and YC for later use. 

Ill X Reduction 

Repeat Che following for datectors 1 through 4 field of view in Che X 
direction 

Extract Che X data from the file, consisting of nominally 208 sets of 
XX, YX, and VPPX data. Search the array for Che peak value which will 
nominally be VFFX(i) where i is the average of N0MX16(C) and K0MX26(C). 

Detector No. C NDMX16(C j 1 N0MX26(C) 


1 

127 

138 

150 

2 

104 

115 

127 

3 

81 

92 

104 

4 

58 

69 

81 




CaII this peak value PEAXVX(C) and save it. Mcmallze the data by 
dividing by PEAKVX(C) co get VPNX. Save this data array. 

Search the array and determine XI, X2, and XC in an analogous fashion 
to the procedure used for Y in II, above. 

Save XI, X2, and XC for future use. 
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Data Reduction for Band 6 


Variables 


XY(C,P) 
C*l, . . . ,4 
P-1, ...208 

X-coordinate from which p»th 
sample for channel C came when 
sweeping in the Y-direction 

Collected In 
Procedure F 

YY(C,P) 

C-1 4 

P-1, ...,208 

Y-coordinate from which pth 
sample for channel C came when 
sweeping in the ^'direction 

Collected in 
Procedure F 

VPPlf(C,P), VPNXCC.P) 

C-1 4 

P-1, ...,208 

Peak-to-Peek signal (from VPE4K) 

of channel C, pth sample 

sweeping y direction, and normalized 

Collected in 
Procedure F 

PEAKVY(C) 

C-1, ... ,4 

Peak value in VPP(C,P) 

Calculated here 

Y1(C) 
C-1,..., 4 

_ -Y side 507. point for 
Channel C 

Calculated here 

Y2(C) 
C-1,..., 4 

+Y side 507. point for 
Channel C 

Calculated here 

YC(C) 

Channel C center 

Calculated here 


C=l,...,4 


XX(C,P); YX(C.P); VPPX(C.P); PEAKVXCC.P); XI(C); X2(C); VPNX(C,P) 
XC(C) sane as above for sweeping -.in X-direction . 
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I 


I 

K 



I, 


r 


i 



i 

V 


t c 


i 


I 


t ! 


Dacn Base Arrays 
NOW 16(C) 



1 

2 

3 

4 

1 

6A 

122 

64 

122 

2 

86 

145 

86 

145 


NOMX16(C) 
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II 


A }Vc»C+l 


PEAKVY(C)" max f VPFY(C,i)] 
i-l,...,208 


VPHY<C,i)»VPFf(C,i)/PEAm(C), t-1, 208 




/ Find 1 closest to N0MY16(C) such that 
\^PNY(C,1) < 0.5 and VPNY(C, t+1) > 0.5 ) 


Y1(C)«AHV (YY(C,i), YY(C,i+l), VH« (c, t) ,VPNY(c,i+l)) 


r^ind i closest to NOMY26(C) such that VPNY (C,l) ^ 

I 0.5 and VPNY (C,i+1)< 0.5 ... 



C ] ^ C-C+1 f~A PZAKVX 


(C) - MaxfvPPX (C,t)f ) 
I 0 I.... 2 O 8 



Vm (C,i) » VPPX (C,l)/PEAKVX(C), 1 ,208 


B 




Procedure G 
Page 4 


ORIGfNAL PAGE IS 
OF POOR QUALITY 





f find 1 
( VPNX(C 

closest to N0HX16(C) such that \ 
i)< 0.5 and VPNX (C,i+1)> 0.5 j 


AHW (XX(C.l), XX(C,l+l).VPNX(C i), VPNX(C.l+l) 


find i closest to NOMX26 (C) such that 
VPNX (C.i) > 0.5 and VPNX(C, t+l)< 0,5 


X2(C)‘>AHVJ(XX(C,1), 3a(C,i+l), VPNX?C,i), VP1K(C,1+1)) 


(XllC)+X2(-))/2 
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This procedure retrieves date stored by Procedures C and E which allow 
conversion of X and Y froai steps to radians. The field of view data 
for Band 6 is then checked against specified parameters, and the results 
prl ited. 

Input Data 

The data from Procedure E includes REFX, RETY, TMANGX, TMANGY, XOFTbT, 
YOFFST, and PLC. See Procedure E for definitions. 

The data from Procedure G includes NBAND, Detector No., PEAKV, step array 
data in sets of X, Y, and VPN where X, Y are in step count units, XI, X2, 
X6, Yl, Y2, YC all in step count units. 

Conversion from Fteo to Radians 


The conversion equations are described in Procedure E and are reproduced 
here. RSTEP » .0001 / FLC 

* ANGLY - Y-*RSTEIM-TMANGY-REFY+0. 01945 /ISO. (1) 

ANGLX - X*RSTEP+-TMANGX=REFX (2) 

Speelfief* ''alufcs for Band 6 

A. Band Center (in milliradians) , BC relative to the optic axis. ' 

YBC = -4.0631 

:u>c - 0. 


B. Detector Ce.iter (in milliradians) for Band 6 

1. Y Coordinate Relative tc Band Center, BC 
XDC - 5.0*. 0425 (+1-2*M0DLX0 (NDET,2)> 

where NDET is the detector No. 

2. Y Coordinate Relative to Band Center ■ 

XDC - +10 - 4*NDET 

C. Optimum Detector Edges XIP, YIP, X2P, Y2P 

The ideal location for the detector edges is given by 

XIP ■ XDC+XBC“0. 085 milliradians 
X2? - XDC+XBC+0.085 
YIP - YDO+YBC-0.085 
Y2P - YDC+YBC+0.085 


( 3 ) 


W 


( 5 ) 

( 6 ) 

( 7 ) 

( 8 ) 




- 


ORIGINAL PAGE IS 

Procedure H (Cent d) Qp pQQR QUALITY 

D. Detector Width, (X2-X1) or (Y2-T1) specified 

Nlnijnum Difference ■ 0.1656 
Maximum Difference ■ 0.1744 

E. Detector Location and Size Printout 
Perform the following 4 times 

1. Input the X and Y data records for this detector. 

2. Convert all coordinates to radians. 

3. Store the converted data in the plot file. 

4. Calculate 

DX-X2-X1 

DY-Y2-Y1 

5. Print the following 

a. Detector No. 

b . XDC+XBC 

c. XC 

d. XIP 

e. XI 

f. X2P 

g. X2 

h. DX 

i. "IN SPEC" or "OUT OF SPEC," see D above 

J. error amount. If out of spec, or 0. If In spec. 

k. YDC+YBC 

l. YC 

m. YIP 

n. Y1 

o. Y2P 

p. Y2 

q. DY 

r. "IN SPEC" or "OUT OF SPEC," see D above. 

3. error amount, if out of spec, or 0. If In spec. 
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F. Tabulate Curve Data 

This data consists of nominally 208 seta of X, Y and VPN in X direction 
and nominally 208 sets of X, Y, and VPH in the Y direction. 


This data is to be printed in craopact form. 
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This procedure takes data scored In the plot £ile by Procedure H for Band 6 
and foms tvo C3rpe9 of plots. 

The first plot Is the detector location plot. This consists of the outline 
of the 4 detectors in the band for ideal conditions vith the XI, X2, XC and 
Yl, Y2, and YC measured points plotted on Che outline. 

The second plot consists of a presentation of the field of vlev data array 
for each axis This will require 8 separate 

plots. 

I Detector Location Plot 

The ideal location of each detector edge is given by equations (5) 
through (8) of Procedure H. The ideal detector size for Band 6 is 
170 microradians square. The plot scale should be chosen to give the 
best resolution possible. Since the 4-decector array is 14 IFOV 
units vide, a scale of 0.5 IFOV units per inch seems reasonable. The 
edge tolerance will be + 0.05 inches on this scale. Since Che function 
•of the plot is Che illustration of any gross errors and systematic 
errors, the resolution should be adequate. 

II Detector Field of View Plot 

Each axis of a given detector is Che subject for this plot. Thus, 

8 plots will be required. 

This requires an abscissa of 36 IFOV units in X and 36 IFOV 
units for the Y plots. Tne scale of ^ IFOV units per inch v/OU.^ 
gwc TzifJur.'o/i- 

III Plot Priority 

The plotting should not be allowed to slow up the test. The infocmation 
is scored in a plot file, and plotted during theodolite sotting after 
the Procedure H print is complete as time is available. 
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Numbers In brackecs are for use with Che dual channel opcion of daca 
capture. This subroucine is called by Che main spatial coverayc procedure 
and by Procedures A and F indirectly through Sequences No. 1 through 4. 

The AIAU has been set to a sample rate of 39 KHz, single channel dual 
channel opcion, and that Che SIU has selected Che AQAU prior to callings 
this subroucine. It is further assumed chat (the 100 Hz center frequency 
filter with a 10 Hz bandpass is in place. It is also assumed that the 100 
Hz filter, or associated amplifier in the AUAU, has a gain of 7.5 to boost 
the saturated output to Che range of the A/D in the ADAU. This is necessary 
since a square wave of 2 volts peak-co-peak (saturation) gives rise to a 
fundamental sine wave of 2.5 volts peak-to-peak which corresponds to 1.25 
volts peak-out of the 100 Hz filter (neglecting insertion loss) . Since the 
A/D operates in the range of +/-10 volts (+/-2047 DN), the 1.25 volts must 
be amplified to use the full range of the A/D. A gain of 7.5 plus filter insertion 
loss compensation will boost the 1.25 volts to 9.375 volts (1920 DN) . The 
additional range of the A/D is reserved for potential excursions. 

Ibis subroucine Cakes I independent cycles of Che 100 Hz waveform which 
requires chat every tenth cycle be sampled with the 10 Hz bandpass. Since 
Band 5 is expected to have the lowest signal-to-noise ratio, it is used 
to evaluate the expected data range. The 1 percent of saturation signal 
will give +/-19.2 DN from the A/D while the noise is shown in a separate 
memorandum to have a 95 percent probability of being within +/-2.0 DN for 
this band 5, uCllizinglttidependent 100 Hz cycles for peak-to-peak determination. 
This indicates that the error in determining the 1 percent level due to 
noise will be less Chan 5 percent of that level, the quantizing error can 
be as much as 3 percent of the 1 percent signal level. Both of these errors 
are quite acceptable in the far field measure, and the errors will be 
negligible for larger signals. 

The subroucine also assumes that* the detector has been connected by the MUX 
in Che ADAU, and chat the required settling time for Che insertion of the 
100 Hz filter (about 160 milliseconds) and Che aerotech stages (TBD seconds) 
has elapsed before the subroucine call. 

Subroutine Description 

1. Sample the Data 

Command the ADAU to take data for 1*10 cycles 1*10 of the 100 Hz output. 

This consists of taking data for 1*10*0.01 seconds. Each sample requires 
2 bytes, since the A/D output is 11 bits plus sign. 

2. Determination of the Feak-to-Peak value 

a. Set the number of good sets, ns, optimistically to the number of tenths 
of a second of data captured. 
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Parameters 

N Is number of pairs of detectors from which video data is collected. 

NDI(i), ND2(i) are arrays of length N containing the channel numbers from 
which data is to be collected. 

FSTEP is the number of Aerotech table steps to move. 


Sequence No. 1 (stepping of Y direction, post-data stepping) 

1. I - I 

2. Collect Index A data from Che detectors in Che bend with channel numbers 
NDl (1) and ND2(I). 

3. Call VPEAK twice to reduce the index A data from Che two detectors. 

4. , Score the following in a form chat is useable by data reduction procedures 

Outputs VPP from VPEAK 

Position of X-axis stage from HP interferometer 
Position of Y-axis stage from HP interferumetsr 

5. If 1 " N, then continue with Step 6, otherwise Increment I (1 “ I+l) 
and repeat steps 2 through 5. 

6. Finally, Step FSTEP steps in the + Y direction. 


Sequence No. 2 (stepping in the X direction, post data stepping) 

1. through 5. Same as Sequence I. 

6. Finally, step FSTEP steps in the +X direction. 

Sequence No, 3 (stepping in the Y direction, pre-data stepping) 

1. Sec I ■■ 1, and step FSTEP steps in the 4-Y direction 

2. through 5. Same as Sequence 1. 

6. Exit. 

Sequence No. 4 (stepping in the X direction, pre-data stepping) 

1. Sat I ■ 1, and step FSTEP steps in the +X direction 

2. through 5. Same as Sequence 1. 

6. Exit. 

Index A Collect 4 samples of .0.1 soc. of video data frcr.- 2 channels as 
specified in the data collect procedures. Use the ADAU with the 2-channel 
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b. Find a peak and mlnimuia in a .01 second span of data 400 [20(^ 
samples. Call 

VPi - peak value 
VMi - minimum value 
KFi • location of peak 
NMi - location of minimum 

c. Skip .09 seconds of data, 3500, Q-75CQ samples 

d. Repeat steps b and c for the number of tenths of a second of data 
to capture, for example 1 » 1 to 4 for .4 seconds of data. 

e. Spurious Peak Rejection 

Discard on the basis of peak to minimum separation. Check Che 
1 samples to see if they ere in Che range. 

When Che signal level gets to be very low, on the order of a few 
DN, spurious peaks may be determined. These spurious values may 
be deleted by requiring chat all 4 peaks and minimum must be 
separated by nominally 0.10 seconds from peak-co-peak or minimum 
. to minimum (using every 10th cycle). 

Check to see that 

LI *1hp-NMI- U1 wltcre LI, L2, Ul, U2 are data base values, 

jT.2 ^ INP-NM|'S U2j] nominally LI -a 173, Dl = 215, L2 » 88, and U2 

If any set fails this test, discard it and reduce NS by 1. If NS 0 or 1, 
sec yPP<:0. and leave Che subroutine 

VPP Datemioacion 

For each of the NS cycles remaining, calculate 
VS-VP-VM 

Then average Che NS sets of VS to get VPP. 

Also determine Che standard deviation of Che NS samples of VS to get VPP. 


MEASUREMENT SEQUENCES 


Original pagp 


Index A (conc’d) opClon, 39R Hz (lov) race and 100 Hz filter. 
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DATE: 20 May 1981 

REF: HS236-7454 
2221.291 

FROM: AC07R Teat Tean 

BLOC. 774 MA1LSTA78 
EXT. 4151 


References : 

1. TP32Q15-514 Rev. A, Spatial Coverage Test Procedure AC07R, 

7 April 1981. 

2. ES236-5610 Tbematie Mapper Spatial Coverage Test Description, 

AC07R, 30 Jan. 1978. 

3. HS236-5610-2 Thematic Mapper Spatial Coverage Test 

Description, AC07R, 13 June 1979. 

4. * History Tapes: 002030, DO2032, D02034, D02C36 and D02037 

(April 14 through April 23, 1981). 

5. Special Tape: Number 502 dated May 1, 1981, used to record 

AC07R Video Piles. 

6. BTCE 92 Event Log for period April 14 through April 23, 1981. 


1. 0 Introduction 


This report summarizes the results of performing the 
AC07R Spatial Coverage Test on the Thematic Mapper Frotofllghc 
Moeel. The test is an ambient collimator level test performed 
on the assembled T.M. The test is computer controlled using 
computer commands vlth telomctry verification. 

The test objective is to accurately determine the response 
of database selected detectors to a narrow slit source 
illuminating positions on the focal plane whose distances 
from the detectors vary. Specific actcntlon is given to 
detector half-width response size and far field efface. 

GSFC measurement spoclf ications are given in terms of 
angular requirements. The along track (Z-direction) 
dimension and across crack (T-direction) dimension is defined 
for each detector as the angular difference between the points 
whore the detectors response is 50 percent of maximum when 
sweeping in the respective direction. Maximum half-width 
dimensions are given as 43.2 microradians for Bands 1 through 
4, 46.35 microradians for Bands 5 and 7, and 174,4 micro- 
radians for Band 6, the thermal band. The far field require- 
ment is that the measured response be less chan one percent 
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of nazimua for angular dlctaneas equal to or greater than 
twice tha detector width. 

2 . 0 Test Daaerlption 

The teat is perfomed at SB&C with tha Theoatic Happer 
Bounted on a precision rotary table. The T.H.is aligned 
to a collimator with tha scan mirror and scan line corrector 
off and locked at midscan. The angular orientation of the 
T.H. is determined and monitored by autocollimating a 
theodolite on a reference mirror attached to the T.K. 

Bowever, as the collimator is subject to off axis image 
degradation, it is necessary to move the T.H. four times 
during the test. These movements and subeequent orientations 
are determined and also monitored using the theodolite. 

The source is projected cowards the T.H. through Che 
collimator which uses a computer driven S-7 stepping stage 
to position Che illuminated slic. Interferometric monitoring 
. is used to measure stage movement. 

For Bands 1-5 and 7 maasurements . a tungsten ribbon filament 
lamp is used as the source. The lamp and slit are initially 
mounted together on the stages in a vertical position 
(for sweeping in the I-direction) . The source and slit are 
subsequently rotated 90 degrees about a horizontal axis 
for sweeping in the X-direction. The larger input signal 
needed to resolve far field response is achieved by increasing 
the lamp current. 

For Band ft, a blackbody source is used. The change from 
vertical to horizontal scanning is achieved using separate 
perpendicular slits mounted in a reticle wheel. 

3. 0 Test Results 


Test data has been obtained for all Bands in the form of 
reduced date tabulations and field-of-view plots for selected 
channels and each type of scan (X or T) . Measurements were 
made on detectors 2 and 16 for Bands 1, 3, 4, 5 and 7. 
Detectors 1 and 15 were used for Band 2 while detectors 1, 

2,3 and 4 were used for Band 6. Eaduced data tabulations 
indicate Chat all detectors (with the possible exceptions of 
Band 2 Detector 15 and Band 6 Detectors 1 and 2) exhibit 
some calculated half-widths in excess of those desired by 
the specifications. Band 2 Detector 15 had severe noise 
problems making meaningful calculations for it impossible. 
Band 6 detectors as the thermal channels have much wider 
nominal f ields-of-view chan the other detectors and should 
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cborsforc be considered separately. ?ar field response for 
all Bands is typically QTa&t&r than the deeirad 1 percent at 
laast for regions iaaadiatsly adjacent to the tvice detector 
vidth field points. In addition, noraalization problons 
vsre encountered in natching the far field to near field 
data. Even after software corrections, residual effects 
are evident in soae of the plots. (See Appendix A for 
plots. ) 

The folloving tables suoaarize the test results in general 
and help to point out cone of the problaa areas. Table 1 
is a sunmary of LSF (Field-of-Viev) half-vidths identified 
by band, channel, and type of scan. Noisy channels and 
out-o£-spoc. conditions are identified vbere they occurred. 
Table 2 is a listing of detector spacings vithin each array 
as obtained from the reduced data tabulations. Table 3 
is a sunmary of out-of-field response values obtained 
graphically from the field-of-viow response plots. Out- 
of-field response has been calculated first as the per- 
caceagQ of total out-of-field- signal to total in-field 
signal and then again as an avarage per I?OV spacing over 
the total length of the uon-zero skirts. 
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Baaii 

1 

1 

1 


4/23 2 

4/25 2 

4/25 2 

• 4/25 2 

4/24 3 

4/24 3 

4/24 3 

4/24 3 

4/24 4 

4/24 4 

4/24 4 

4/24 4 

4/25 5 

4/25 5 

4/25 5 

4/25 5 

4/25 7 

4/25 7 

4/25 7 

4/25 7 


Collection 

Pate 

4/25 

4/25 

4/25 

4/25 


TABLE 1 
LSP Half-W 


Channel Sean 

2 Y 

2 E 

16 Y 

16 Z 

1 Y 

1 Z 

15 Y 

15 Z 

2 Y 

2 Z 

16 Y 

16 X 

2 Y 

2 X 

16 Y 

16 X 

2 Y 

2 X 

16 Y 

16 X 

2 Y 

2 X 

16 Y 

16 X 


*Very 3ad "Soise" 
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TABLE 1. (Contlnuad) 
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TABLE 2. 

Qateccor Spaclags 


Colleetioa Baad/ 

Date Channels 


4/25 

B1/S2, 

D16 

4/25 

B2/D1, 

D15 

4/24 

B3/D2, 

D16 

4/24 

B4/D2, 

D16 

4/25 

B5/D2, 

D16 

4/25 

B7/D2, 

D16 

4/29 

B6/D1, 

D3 

4/29 

B6/D2, 

D4 


Distance 
Channels In 

(u-radlaas) 

(Measured) 

595.06 

594.41 

591.28 

593.80 

590.24 

590.83 

334.95 

337.77 


Between 

E-Dlrectlon 


(Momlnal) 

595.00 

595.00 

595.00 

595.00 

595.00 

595.00 

340.00 


340.00 
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TABLE 3. 


rocesslns/ 

Band 


Ouc-o£>?iald Response 
Bands 1-5 , and 7 

Scan In-Field Out-of-Ficld 

Total 

Average 

Date 


Channel 


Resoonse* 

Resnonse'* 

Percent 

(Per IFOV) 



. 


(±2 1F07S) 

(Skirts) 


Percent 

5/6 

1 

2 

Y 

1849 

131 

2.1 

.49 

5/6 

1 

2 

I 

1960 

217 

11.1 

.71 

5/6 

2 

1 

Y 

2231 

456 

20.4 

1.38 

5/8 

2 

1 

Z 

2434 

581 

23.9 

1.48 

5/7 

3 

2 

Y 

2024 • 

307 

15.2 

1.03 

5/8 

3 

2 

Z 

2226 

371 

16.7 

1.08 

5/6 

4 

2 

Y 

1692 

28 

1.65 

.88 

5/6 

4 

2 

Z 

1726 

50 

2.90 

.62 

5/6 

5 

2 

Y 

1669 

61 

3.65 

.55 

5/6 

5 

2 

Z 

18C2 

98 

5.26 

.70 

5/6 

7 

2 

Y 

1866 

137 

7.34 

.87 

5/6 

7 

2 

Z 

2461 

361 

14.67 

.97 


^Arbitrary Units Cgraph paper units) 
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4.0 Plsensslon and Conclusion 

A number of difficulties vere encountered during tbs 
running of these tests. These may be roughly divided into 
hardware and software type problems. The former consist 
of problems with vibration, alignment, temperature and 
electronics. The latter Include problems with command 
files, databases, and plot normalizations. In addition 
some evidence exists which Indicates that optical effects 
may be degrading the data by producing raised skirts 
and rounded off IFOVS. Hany difficulties vere at least 
partially resolved during the testing by modifications of 
the test setup and/or by corrections to the software. 
Others await the performance of "special tests" Intended 
to determine their causes. 

A. Hardware Problems 


Vibration problems vere encountered from the start as 
we attempted to mount the 100 Hertz chopper wheel. In 
an attempt to maintain a constant relationship between 
the chopper blades and the source/slit assembly as the 
source/slit assembly was rotated for successive S and T 
scans, a modified mounting plate was fabricated to hold 
source, slit and chopper wheel. Onfortunately , the whole 
assembly vibrated in resonance when the chopper was 
turned on. This problem was resolved by suspending the 
chopper from a separate pedestal which was rigidly 
attached to the collimator table. The chopper was then 
repositioned each time the source/sllt assembly was 
rotated. 

In addition to vibration, an electronics problem arose 
as the result of repositiouing the chopper wheel. S.C. 
restore failed to work properly making it impossible to 
collect meaningful data. The effect was later identified 
as Che result of a phasing error associated with the 
chopper wheel positioning. The "fix" was to modify 
the procedure to require appropriate adjustment of phase 
whenever the chopper posltloniug Is changed or translation 
is made of Che slit across the chopper wheel. 

Electronics problems were also present for Band 6, but 
not due to the cnopper wheel. Rather the Baud 6 box 
for plugging the Band 6 signals into or around ACTS 
failed to work. A revised BTCE set-up was adopted which 
provided necessary DC restore and other electronic 
functions as required. (See Figure 1.) 

High frequency noise was observed on Band 2 Detector 15 
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vbich distorted the slgn&l and resulted in ae&ningless 
calculations and plots. This vas unfortunate as wa had 
been cold ahead of time that there vas a noisy detector 
2 on Band 2 vhlch should be avoided. A raidentification 
of the detector from the array position to channel number 
resulted in our choosing the exact detector ve vere 
trying to avoid. 

Room envifonnental effects vere present in the form of 
air turbulence and temperature variations. To minimise 
these effects additions vere made to the plastic tunnel 
surrounding Che collimator prior to the test. Vhsn a 
preliminary check shoved chat Che running of the room 
air handlers drastically distorted the signals, they 
vere turned off for Che duration of the tests vhich ran 
veil over 24 hours of total operating time. The room 
stabilized at betveen 68° and 72° F as recorded in Che 
data master and log books. Specific beat sources present 
in the initial test setup included the laser used vich 
the collimator cable /T.H. alignment monitor and the 
motors vhich drive Che aeroteeb stages and chopper 
vheel. The laser used vich the alignment monitor vas 
identified as a specific source of thermally induced 
air turbulence. Its use is not essential to the per- 
formance of Che test and has been deleted for all further 
AC07R testing. 

Alignment problems (or at least uncertainties) arose as 
Che source/sllc and T.U. vere positioned and repositioned 
at various points during the test. The source/slit bad 
to be detached from its mount and the lamp removed in 
order to reposition it each tine a change vas made 
betveen X and Y scans. This resulted in some uncertainty 
in the alignment position of the filament image on Che 
slit for the various sets of data. Since the filament 
image is oversize vich respect to the slit, the main 
effects vere observed on the skirts of the IFOV plots. 
This combined vich non-zero transmittance in the opaque 
portions of the slit may help to account for the problems 
of raised skirts and rounded-off IFOVS. Fosltianing of 
the T.H. for the various bands is accomplished by 
rotation using a theodolite for reference.. For bands 5 
and 7 rotation through the nominal apgle from the T.H. 
axis failed to bring T.H. into proper alignment. At 
this point an alternate procedure vas used vhoreby the 
T.H. vas boresighted on bands 5 and 7 separately to 
obtain signals. The corresponding theodolite readings 
vere Chen averaged to obtain the common center. 

Other areas of concern vere source non-uni£orb.icy and 
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system focus. The lamp filament image vaa centered on 
the slit each time tbe lamp vaa repositioned and should 
he fairly uniform in intensity over tbe slit area. 

However, for Band 5 T-direction maasurements initial 
voltage readings from channels 2 and 16 verc significantly 
out of balance. Channel 2 read 17.5 volts F-P compared 
to 11.0 volts P-F for channel 16. This Imbalance was 
corrected by stepping the slit-stage 508 Aerotech steps 
along the filament in the -E direction before making tbe 
T-scan measurements. All data was collected at the nominal 
focal plane of the collimator. Previous IA4 tost data 
Indicates that this position is .006 to .008 inch from 
best focus as determined by MTF. A small degradation (less than 
1 microradian image blur) is expected to result from this 
condition. 

B . Softvare Problems 


Software problems occurred in selecting an appropriate 
step sire and in matching far-field vith near-field 
data. The initial step sizi vas chosen to be 0.2 IFOV 
unite for near-field data and 0.4 IFOV units for far- 
field. It vas evident from examination of preliminary 
near-field data plots that the sampling density vas too 
coarse for good resolution. A change to 0.1 IFOV step 
size improved the quality of the figures, but increased 
the test time significantly. In addition the computer 
programs bad to compensate for the fact that the finite 
Aerotech stage steps weren't ozact divisors of an IFOV. 

In order to maintain average stopping units, tbe number 
of Aerotech stage steps per unit had to vary by an 
occasional step. Another type of problem occurred in 
"normalizing" far-field to noar-field data. Tbe matching 
vas done by comparing several overlapping points on the 
far-field .and near-field curves and using an average 
normalization factor. Tbe problem arose as tbe far- 
field curve ran into its saturation region (slit crossing 
the detector) and started to undergo distortions. 

Several software changes were needed to keep the computer 
from selecting data from the saturated region. In 
general the final plots were improved and the problem has 
essentially gone away. However, Band 4 detectors still 
exhibit some normalization problems. These may not be 
due to software, but rather to electronics. The detector 
signals, while in saturation, aro depressed significantly. 

One factor which may have contributed to the normalization 
problem vas the inadvertant omission of a parameter 
from tbe database knows as the "bright field recovery 
time". This vas a waiting period of a few seconds 
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lateoded to allov a detector to recover froa the shock 
of saturation received during the near-fleld portion 
of the far-ficld scan. This paraaeter has been put back 
Into the databaso and vlll be available for future data 
collects. However, this may not help very much as there 
was no hint of recovery evident In the test data. 

Another software problea area was the seealngly arbitrary 
omission of soae of the collected data froa certain data 
tabulations and plots. A change to the database and 
coaaand file was needed to get all of the data printed 
and plotted out. 

C . Conclusion 


This report has described the results of running the AC07R 
Spatial Coverage Test on Che Protofllght Model T.H. The 
test technique has been proven to be valid though the 
’ results are less than desired. The test procedure and 
command files have been debugged and will be ready for 
future testing. Several problems have been successfully 
resolved while others will be investigated further by 
a special test scheduled for the near future. It is 
unfortunate chat this test had to be run for the first 
time on the Protofllght T.H. without Che benefit of a 
preliminary run on the Engineering Model. 


Prepared by; 


Concurrence; 


Concurrence ; 


Approval ; 


Approval ; 
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CC: Ola jribacloa 


‘6aTE: 15 July 1981 

S£F: 2221-343 
HS236-7S47 

J. 0. Carponcer 

BLDS. 774 vtAaSlA. 78 
EXT. 4207 


Ttiia sasBO deaerlbea the teat rasalta and coneulaion of apeelal caeca 
parfonsed in an accaapc Co explain Che exceaaiva "far flald” cadlaeion 
and "neac flald" channel vidch maasncod in Che AC07 pcocofllce cose. 
These eeacs ara: - 

1. Transmission aeaiuranenc o£ eha "opaque** porcion of cha AC07 
cear eecicle. 



2. Special measureaencs of Che T.H. procoflico "Tar Field" and 
near field reaponaa. 

3. Fhocoeleeecie response aeasnreaencs of a eyplcal TX silicon 
phocodececco? arraj. 

Tascs rasulcs: 

1. The "far field" excessive radiscion measured during Che AC07 
eese is doe primarily co cha eollimacor raeiele used during 
Che Case and is noc a faulc of Che T.X. This eoaclusion is 
dramaeically ahora in eha "far field" graphs included in ehls 
reporc . 

2. Bo explicie cause vaa found for che esce&sivs channel uldchs 
aaasurod in eho AC07 caeca and subsequeac special csac. Avoraga 
channel nidehs soasusod in eha special special eases eorreopondad 
CO eho. average ^dcha measured during eha AC07 ease. 

Par Field Toaea 

Prior Co cha aceual special AC07 T.X. csac, eransaission soasuremancs 
aada on a spare reciclo similar co che AC07 case reeicle indicaeed 
ehae eho opaque pare of cho roelcle vas noc sufflciontly opaque ae 
soma vsvolengcha. The resulcs of ehis ease are abonn in Tabla I. 

In vould appear, ae firac glance, ehae the oaoune of eransmisoion 
ehrough che opaque part of eha raeicla is insigniflcane . However, 
vhon ona considars ehae cho daceccor is approzimacaly 10 cimao vidar 
chan che slic in cha raeicla and is fully illumlnaead by cha sourca 
lamp, chis amounc of Cranaaission becomes sore aigcificanc since ics 
efface is mulclplied by eho faccor of 10. This efface occurs in che 
far field radlaeion maasureaenc over che vidch of Che lighc source 
on cha reciclo, vbich is approzimaeal^ 2 na wide and produces a source 
flald angle of approziaaeoly 720 vrad. 
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Special AC07. Testa. 


Actual tasting of tha T.M. prorofllce Instrumenc vith both Che space 
reticle, specially masked to be complecaly opaque, and Che AC07 case 
reticle proved chae moat of the ezcesslve radlaclon 9aa caused by the 
reticle. A graph of the "far field" response for each band with the 
"opaqued" and normal reticle la Included to shov the differences. 

The greatest change occurs In bands 2 and 3 vlch the least change In 
band 4. This result corrasponda to the transmission aeasuremaucs 
shown In Table X. 

Despite this large reduction la the far field radiance with Che 
"opaqued" reticle, the T.M. system does not pass the cclterlaa that 
the detector response shall be 12 or less at 2 I?OVs avay from the 
detector center. 

It Is quite obvious chat some effect still exists on the "-T" side 
of Che even channels and the "■t-7" side of the odd channels. Two 
probable sources for this effect are Crosstalk between channels and 
reflections from the spectral filter. 

1. Crosstalk 

In the test arrangement Che odd channels are In Che "-7" direction 
from the even channels. As the light Is moved from the ">7" to 
"4-7" direction, the light strikes the odd channels first, producing 
a signal In cho odd channel and crosstalks to the oven channel 
being measured. The amount of crosstalk was measured during the 
detector array casts with typical valuso ranging from 50 to. 55 db 
down. C28S CO .ISSl for odd to even detaetors. Since the satire row 
of detaetors are snorglzed at the same time In tha AC07 test, the 
amount of cross coupling la probably greater chan the abovo values. 
The net effect could easily be as such as 0.32. ^en aa odd ehaaael 
la being measured, this coupling shows up la the ”y7" direction 
from Che channel eenter as la Che Band 2 Channel I graph. 

2. Hulelpla reflections between the shiny aluminum deposition on Che 
detector array and the band pass filter may cause pact of the 
excess radiation. . This effect probably exists with the light 
sourca on either side of the deteecor, but would tend to be more 
pronounced when the light is cowards tha opposite channels since 
Che aaok In front of the detector Halts the reflection area on 
Che outaide edge of the array but does not Halt Che reflection 
area between the channels. Because of this difference, 
rofleeclons from the light source can reach the detector at much 
larger field angles In the "T" direction of the oppoolca channel. 

The amount of the reflection Is not known and no cost Is planned 
at this elms to measure It. 
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J. Cagel -3- 

Speclal AC07 Testa 


Near Field Teats 

Data for the aaar field raspooao of the X.H. traa rscordcd for at 
least one chaanal In each of the Bands 1-4 vlth both the AC07 reticla 
and the specially "opaqued" reticle. The results of this data is 
very similar to the AC07 test data. The only apparent difference 
occurred with the "opaqued" reticle totrards the 7-limits of the 
"near field" response curve, vhere the signal mas reduced. Some 
graphs of the "near field" response are included tfitbin this report. 

In addition to the complete "near field" response curves, the SOS 
widths of the dotector responso were carefully measured with as many 
as 100 data samples per data point to establish a high degree o£ 
accuracy. The results ware nearly the same as AC07 in that the 
detector width measured approximately 44 microradians . 

To determine the focus affects the position of the reticle slit was 
moved along the optical axis of the collimator on both sides of the 
bast focus poslcion with doeector width data taker at the various 
positions. The detector width decreased a small aAounc, approximately 
0.5 utad, when the reticle was .010 to .015 inches closer to the 
primary. The measured channel size Increased rapidly when the focus 
poslcion was more chan .015 Indicating that the image of Che slit on 
Che dotector was increasing rapidly and was larger than the detector. 
The results of the channol width tests are shown in table II. 

The channel width was a separate test from the graph data, usually 
taken just before a full run of near field-far field data. The 
width data was determined using 100 samples per data point with a 
period of about one minute. The procedure used was to establish the 
two SOS levels of the response curve with as few dmta points as 
possible and measure the distance between thes. tho width vs focus 
data was taken in the same manner as the previous width data except 
chat sore width ssasuranants ware made for each focus position. It 
would have been advantageous to have mors focus measurements,- but 
due CO the limited amount of time available, only a few maasuraments 
could be made. 

The special spatial casts used the same optical equipment and toot 
aschod as used in the ACQ7 tests. The main difference was that Che 
procedure was manually controllad and the data was handled and stored 
by an H.F. 9815 desk top calculator. Each data point is the average 
of 10 sasplas taken over a period of about 10 seconds of time. As 
can be seen from the near field graphs, the data was still noisy. 

The signal incansicy ratio between the far field and near field for 
each band and chaanal was established by setting the "7" poslcion of 
the source approximately 2-1/2 1707 from the channal center and 
measuring the channel output signal for each, of the two settings of 
Che source incansicy that was used la Che AC07 test for that specific 
band and channel. 
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Daeector Width Tase 

To ollolaattt cha posalbillty chae cha active (pbocoeleetrie) width 
of the detaetoto wara aot tho ease aa the design width, photoelectric 
rasponse tests waca conduccad on a typical T.M. silicon photodeteetor 
array, the widths measured corrasponded to the approsiaato dosign 
vldtba and assontlally aliainatad the datsctors as a cause for the 
ezeaasive widths meaaurad in Che AC07 cast. The results are shown 
la Table III. 

Tho aoasuraeaats were made using cha spare AC07 reticle projected 
through a par focal microscope onto the detector with and without 
special aashs covering the opaque area, and with and without a band #1 
spectral filter. Mo significant diffarence occurred with any of cha 
various combinationa, different detectors, or the s and y directions 
of the detsccars. The apparent width of Che light slit falling on 
the detector was changed by changing the focal length of cha objective 
Ions os ';he par focal Qicroscope. The widths projected wore approsi'* 
mately .0 004 inchae and .0002 inehea. The rasults were the saae. 

There is no reason to believe chat aay of the above conditions should 
change the measured channel width. However, it was naeassary to 
verify this la case eosething is being overlooked. 

The results of all of the "near field” tests and detector moasureaencs 
indicate that the imago of the illuainsted slit falling on tho detectors 
in cha AC07 tests is sufficiently wldo as to cause the detector width 
measureaont to be large. Whether this measoraaeae is consistent with 
the measured optical performance of the T.U. has not been established. 


Joaes D. Carpenter 


Olstrlbnelon: 
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tItAilSHISSIQM HSASC&EHEST 
rOR THE OPAQDE PORTIOH OP THE SLIT RETICLE 


BAND 

X (uta) 

T (X) 

1 

•*5 

<0.01 


.32 

0.04 

* 

.32 

0.04 


.60 

0.08 

3 

.63 

0.07 


.70 

0.04 

4 

.76 

.02 


.90 

0.01 

3 

1.33 

<0.01 


1.73 

<0.01 

7 

2.08 

<0.01 


2.33 

<0.01 
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TABLE III 

r:i PH0T03ET2CT0E ASEAE MEASUEEMSIJT 
(PHOTOELECTRIC HALF VI3TH) 


DETECTOR 

AXIS 

COHOITXOHS** 

WIDTH 


1 

V 

"Opaquad" 

.004097 


1 

r 

"Opaqued," .5 H.D. Filter 

.004003 


1 

r 

Sand fil 

Filter 

.004115 


1 

T 

Bead 61 

filter 

.004109 


1 

T 

Bead 61 

Filter 

.004117 


1 

r 

Bead #1 

Filter, "Opaquad” 

.004078 

* 

1 

X 

.3 H.D. 

Filter, Opaquad 

.004130 


1 

X 

.5 H.D. 

Filter 

.004137 


1 

X 

Bead 61 

Filter 

.004034 


1 

X 

Baad (?1 

Filter 

.004037 


2 

X 

Bead ^1 

Filter 

.004122 


2 

X 

Baad #1 

Filter 

.004128 

ft 

a 

r 

Bead 61 

Filter 

.004171 

ft 


HSA13 <» .004104 
STAOTARD nmAtrOff » .000040 
DESXCR 9XOTa ° .00408 


* Xspro7od Heasnrsueae Toebalqne 
9* "Opaquod" oaaas cbat eba ease raelele had a aseal aacarlal 
' ' placed over the dark poreloa o£ the rstlclQ to provaat aay 
traasalssloa ozcept chroagh tha silt. 

A filter call out uadar "Coadltloas” aaaaa tbse tbo fllear 
vaa placed la the light patk to ehaago the character of the 
light falliag oa tho detector. 
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INTERNAL MEtlORA.NDUM 


TO: C. S. Pleus CC: 01 str ibution 


DATE: 02OS27 
REF: HS236-6004 


SUBJECT: AC07 Optional Test Configuration 
Bands 1-3/ 7 Testing 


FROM: J. C. Campbell 

BLD(5: Bll MAIL STA. 78 

EXT: 6151 


REFERENCE: HS236-79S9 IA04 Conf iguration Options 


INTRCDUCTICN: 

This nemo describes a possible optional test configuration# JM to 
BTCE# that can be used for Bands 1-5# 7 testing during the AC07 
test phase to support the presently defined AC07 data collection 
and also to provide the TM instrument with computer controlled 
power turn on and thermal shutdown capability. This configura- 
tion is based on reference memo HS236-7989 and is presented here 
in terns of existing configuration drawings and tost procedures 
to the extent possible. 


TEST CONFIGURATION 

1. Configure TM & BTCE per drawing 35331C0-3C0-2# but with the 
following possible exceptions: 


1 FUNCTION S 

REQUIREMENT 

• 

• 

DWG ZONE 1 

CABLE«» 

J 

1 X-Y ALIGN MONTR: 

NOT USED 

• 

t 

3-19 1 

W-109 

1 

J VIDEO MONITOR ! 

DON'T CARE 

1 

E-3 1 

W2 114-2 

J 

i HDRR 1 

DON'T CARE 

• 

• 

F-IO 1 

(see DUG) 

1 

• 

: DEMUX , ! 

DON'T CARE 

• 

• 

G-7 J 

(see DUG) 

• 

1 

1 TM MUX TST PTS ! 

NOT USED 

t 

1 

0-15 1 

VERIFY DISCONN. i 


I : > tu3002e< WS003 


I 
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2. Then re^er to phase-I DWO 3S33100-300-l> and make the fol- 
louing connections or changes: 


FUNCTION 

REQUIREMENT 

D'WC ZONE 

CABLE or CONNtt 5 

B1 ACTS VIDEO 

CONNECT 

E/F-17 

WTC30& 35 1 

B2 A0T5 VIDEO 

CONNECT 1 E/F-17 

WTC31& 36 i 

B3 ACTS VIDEO 

CONNECT 

E/F-17 

WTC328t 37 i 

B4 AOTS VIDEO 

CONNECT 

E/F-17 

WTC33Jc 38 1 

BS AOTS VIDEO 

CONNECT 

E/F-17 

WTC-41 J 

B7 AOTS VIDEO 

CONNECT 

E/F-17 

WTC-42 

AOTS DC RESTR 

1 CONNECTION 

E/F-15 

W3050 to J410 

AOTS TLMY 

NOT USED 

E/C-15 

W3030( J102/ JIOS. 

AOTS VI D OUT 

CONNECT 

F-13/17 

tt U400) 
WS03S& U5036 

AOTS IW COUNT 

DON'T CARE 

G-16 

AOTS CONN Q5-J3 

DC RESTORE 

CONNECT 

E-19 

W-139 


3. Provld-? the following functions according to test procedure 
number TP32015-514: 

a) Install the SMACC per Appendix U: conn..t SHACC 
or SAMLQCK Drawer to penetration-p late connecter 
P-10 via adapter cable » W3071. Cround the 

SMACC dc rower return to the Collimator ©round Bus. 

b) Implement ’Shutter Aside” via Appendix S> Method 3 
at 7M connector P4S. 


4. Install the BTC and CFPA Temp Sensor Converter per Appendix 
V of TP32015-504. 

3. Bring TMT software up using TLMY stream #<2- 


TM COMMANDS REQUIRED: 

Power the following TM functions ON: 

TM COMMANDS (ALL BANDS) 


TM:001j PSl ON 

TM: 004i Thermal Shutdown Enabled 
TM:009 j SME 1 ON / 2 OFF 
TM:003; MUX ON (PSl) 

TM:007; TLMY Scaling ON 

The choice of this configuration is optional and is to bo used at 
the Test Director's discretion. If its use fails to support the 
test adequately then the configuration shall bo per phase - I DWG 
3333100-300-1 as originally specified by TP32015-514. 
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SANTA BARBARA RESEARCH CENTER 

A of Hugt^ot Aifce$h ComoonY 
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cc. D;iLa Bank (7) ' 

Optics File 
Distribution 


SUBJECT. Spatial Coverage 
Band 6 


2221-606 

HS236-8011 

FROM: J. B. Young 


BLDG. Bll MAILSTA 78 
EXT. 6180 


A deviation/waiver (D-156) has been initiated to request that 
Band 6 IGFOV be calculated from component level spot scan detector 
measurements in lieu of measuring the IFOV of Band 6 channels 
using a scanned slit source per TP32015-514 Spatial Coverage 
Test Procedure AC07P.. 

For convenience a copy of TM System Specification GSFC 400.8-D-210 
Spatial Coverage paragraph 3.2.3 and TM HgCdTe Band 6 Test Report 
(applicable pages) for array 4-29-2G-120 are attached. Data from 
this test report was used to generate Table I. 

Table I summarizes the linear and calculated angular Band 6 TGFOV 
vali-.es. The telescope and relay optics geometrical and diffraction 
contributors to image quality will nor result in any appreciable 
change of Band 6 IFOV. Thus the values tabulated in Table I 
indicate the TM FH Band 6 IFOV meets the NASA specification. 

In conclusions I believe the methodology proposed in the deviation/ 
waiver is adequate and justifiable. 




James B. Yoiina 
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REF. 

2221-612 

HS236-8027 

SUBJECT. Spurious Detector 

FROM; 

J. C. Campbell 

Response Observed 
During AC07R Spatial 
Coverage Testing 

BLOC. 

Bll .MAILSTA. 7 


EXT. 

6151 


A potentially serious problem has been observed during AC07R 
Spatial Coverage Testing of the F-1 Model Thematic Mapper. 

While positioning the scanning slit/source assembly in preparation 

for later phase of the required testing, spurious signals 

of up to 10% of peak were observed on Band 1 Detectors 1 

and 2. This chance observation instigated an immediate search 

which resulted in locating two more unwanted peaks on the 

Band 1 FOV skirts and a similar set in three out-of-field 

locations for Band 2. At that time Failure Report FR5776 

"On Spurious Response in Extended Far Field Locations" was 

initiated and a formal troubleshooting sequence was begun. 

Since then, additional data has been collected for Band 4 
showing the presence of four spurious peaks. Bands 5 and 
7 were similarly investigated with negative .results thus 
indicating that v/e are faced with a problem peculiar to the 
prime focal plane array. 

An additional test was undertaken to roughly locate the source 
of spurious radiation with respect to the collimator beam. 

This was accomplished by masking the telescope aperture, 
one half of \ts area at a time. The mask when inserted over 
top or bottom halves, cut the magnitude of the beam in half. 
Inserted over the +Y half of the aperture, it reduced the 
beam to 80% of maximum. Inserted over the -Y half of the 
aperture, the mask pr-">duced no change in~signal level. The 
spurious radiation thus passes thru the +Y half of the telescope 
aperture. 

The initial supposition was that the observed effects might 
be due to light reaching the detectors thru the filters after 
multiple reflections in the TM optical system and/or in the 
collimator and test equipment. Subsequent investigations 
show that the light leakage is due to unfiltered light and, 
therefore, ecannot be entering thru any normal optical path. 

This was demonstrated by inserting various spare TM filters 
into the optical beam near the collimator source and observing 
the effect on the spurious signals. The evidence is as follows: 

1) Looking ut a Band 2 Detector 2 spurious signal, a supplemental 
Band 2 filter attenuates the spurious peak by about 90%. 
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2) Looking at a Band 4 Detector 2 spurious signal, a supplemental 
Band 4 filter attenuates the signal by about 70%. When 
clear glass was used instead of the filter, the signal 
dropped by 10%. 

3) Looking at Band 1 Detector 2, a supplemental Band 1 filter 
causes all spurious signals to disappear. Insertion 

of a Band 4 filter attenuates the Band 1 signal by about 
7P%; the same as for Band 4. 

Current speculation is that the observed effects may be due 
to radiation reaching sensitive areas of the detector array 
other than thru the attached filters. Such abnormal paths 
could be thru the sides of the detector substrates or by reflect- 
ions from gold plated detector lead wires. The precise geometry 
of such effects is not presently understood. Dick Cline 
and Dave Randall will be consulted concerning array geometry 
with respect to possible light paths. 

Further investigation is planned and may include: 

1) Replacing the current tungsten filament slit/source with an 
integrating sphere and slit with filtering that more 
nearly represent the sunlit earth source. 

2) Try a different slit size (currently 0.1 IFOV). A larger 
slit might increase the wanted signal without increasing 
the spurious radiation. 

3) A more detailed survey of the aperture masking may be 
performed. 

4 ) Use more reasonable values of source current to more 
nearly simulate actual TM radiation inputs. In order 

to observe the spurious effects, lamp currents were increased 
by up to 50%.- 

Since the last paragraph above was written, items 1 and 2 of 
the further investigation have been completed. The additional 
test results are as follows: 

1) The ribbon filament lamp was replaced with the 6 inch SIS 
that is normally used on collimator number 3. The primary 
• purpose* of this change v/as to try to level out the spectral 
radiance from the source to prevent Bands 1 and 2 (and 3 
to some extent) from being overexposed to longer wavelength 
radiation in the Band 4 region. 
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a) Looking at the BIDS signal (100%) first, it was found 
necessary to use 100 Hz filter on the output. The 
100% response (SIS ^ 7.65A) was 360 mv(rms). The spurious 
signal anounted to less than 1 mv on a noise floor of 
1 . 8 mv( rns ) . 


b) A check of B2D8 gave: 


100% response = 380 mv(ms) 
noise + spurious = 1.2 mv + 
noise + spurious = 1.2 mv + 


3 + .0074" (y-pos. ) 

0.4 mv @ + .0694" (Y-pos.) 
0.2 mv 0 - .0576" (y-pos.) 


c) A check of B4D8 gave: 

100% response = 360 mv(rms) 3 -.2216" (Y-pos.) 

The spurious response could not be found so it was 
decided to use a Lock-In Anplxfier. Using a PAR 186-A 
and processing the unfiltered signal from the Tustin 
input gave the following data: 


100% response =» 0.64 V dc (on 500 mv scale) 0 -.2194" (Y-pos.) 


Spurious response signals appeared to reside at coordi- 
nates -.1736" and -.1536". The signals were out-of- 
phase with the 100% signal and v;ere on the order of 0.3 
and 0.4 V (rms) on a 2 nv scale. This gives a suppression 
ratio on the order of 1000:1. 


2) Changing the slit v/idth from 1/10 IFOV to 1 IFOV (5 mils 
at the collimator focal plane) and still looking at B4D8 
gave the following results; 

new 100% response = 1.00 V dc (on 500 mv scale) 0 -.2810" (Y-pos. 1 

spurious response-^ 0.2 V dc (on 2 mv scale) 0 -.2340" (Y-pos.) 

spurious response 0.3 V dc (on 2 mv scale) 0 -.3130" (Y-pos.) 

spurious responses 0.8 V dc (on 2 mv scale) 0 -. 3450 (Y-pos.) 

Positioning the slit at B4D3's spurious response rone (-.3450) 
and checking each detector's signal level gave even detector 
spurious response signals in the range 1.5 to 1.7 mv (rms) 
and odd detector response signals in the range 0.3 to 0.8 
mv ( rms ) . 

A similar check on BlDl using the expanded slit gave a 100 mv 
signal* at the band center with a largest spurious peak of 
3 mv at a displacement of -.0600 (Y-pos.). Even channel 
B1D2 gave a spurious peak of about H this magnitude and 
a further check of BIDS gave 5 mv. 
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3) In addition, a detailed point by point scan was made for 
B4D8 over the range -.3600" (Y-pos.) to -.2100 (Y-pos.) 
in increments of .0020". The spurious response signals 
showed up as expected at the locations indicated above. 
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Subject test failure revealed that Bands 1 and 2 show secondary peaks in 
sensitivity well away from tlic nominal channel centers. 

A meeting was held on Monday, 14 June 1982, to determine what actions should 
be taken to resolve this failure. In attendance were: 

U. Adams, D. Brandsluift, J. Campl)ell, C. Kent, L. O'Connell, A. Perline, 

1-. Phillips, G. Ple'AS, D. Randall, and T. Sciacca. 

llic following actions and assignees were agreed to by the conferees: 


Action 

1. Document results of tests to date. 

2. Conduct special test - reriui tests using 
two different aperture masks. 

3. Review Protoflight RL-16 and BL-17 test 
results to deteimine if same condition existed. 

4. Review PPP.^ construction sources. 


J. Campbell 
G. Plews 


D. Brandshaft 


D. Cline (?)/ 
D. Randall 


The conferees will meet at 8 a.m. on Tuesday, 15 June, in Bldg Bll, Room 
A-711, to review the results/status of the action items listed above. 


F. R. Phillips/ Manager 
Thematic Mapper Program 
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Subioct test I'ailuro rovoalcJ that HinJs 1 aiui J >liou pt-aks in 

sc'm:; 1 1 ivity well away ficai tlic nominal channci centers. 

A 'lectini: was hold cn Moiiday, 14 .Imic to detcnnine what action.s si’.ould 

be taken to resolve *his .‘'niluro. In attendance were: 


U. Adams, 1>. brand d Camplvll, t'. k'-.at. i.. •''’v'oiuiei 1 , ,\. rerline, 

!. i’liilljps, i'less, ii. Randall, and '^.'iicsi. 

The i'ollowinj; .ictio)'..' and as>ij;noos '.-.ere a^ireed to iy tiie ccnferccs; 


.Action 


As s i (;n ee 


1. !>ociDaent result.- ct‘ te.sts to date. 


J. Campbell 


2 . Conduct sjiecial test - rerun lo.Nts u.-inj’ 
two dillei'ent .iiietlure ii;.i.'ks. 

.A. Review I’rotof! lyht Bl.-lo and N.-l- to-t 

results tj determine if same condition e.xisted. 

4. Review PFl’.A construction sources. 


G. Plows 


D. I'.randshaft 


1). Cline (?)/ 
D. Randall 


llie conferees will meet at 8 a.m. on Tuesday, 15 June, in Bldg Bll, Room 
A-711, to review the results/status of the action items listed above. 
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REP 2221-612 

HS226-8027 


SUBJECT 


Spurious Detector 
Response Observed 
During AC07R Spatial 
Coverage Testing 


FROM: j. c. Campbell 
BLDG. Bll MAILSTA. 78 


EXT. 6151 


A potentially, serious problem has been observed during AC07R 
Spatial Coverage Testing of the F-1 Model Thematic .Mapper. 

While positioning the scanning slit/source assembly in preparation 
for later phase of the required testing, spurious signals 
of up to 10% of peak were observed on Band 1 Detectors 1 
and 2 . This chance observation instigated an immediate search 
which resulted in locating two more unwanted peaks on the . 

Band 1 FOV skirts and a similar set in three out-of-field 
locations for Band 2. At that time Failure Report FR5776 
"On Spurious Response in Extended Far Field Locations" was 
initiated and a formal troubleshooting sequence was begun. 

Since then, additional data has been collected for Band 4 
showing the presence of four spurious peaks. Bands 5 and 
7 were similarly investigated with negative results thus 
indicating that we are faced with a problem peculiar to the 
prime focal plane array. 


An additional test was undertaken to roughly locate the source 
of spurious radiation with respect to the collimator beam. 

This was accomplished by masking the telescope aperture, 
one half of its area at a time. The mask when inserted over 
top or bottom halves, cut the magnitude of the beam in half. 
Inserted over the +Y half of the aperture, it reduced the 
beam to 80% of maximum. Inserted over the -Y half of the 
aperture, the mask produced no change in signal level. The 
spurious radiation thus passes thru the +Y half of the telescope 
aperture. 

The initial supposition was that- the observed effects might 
be due to light reaching the detectors thru the filters after 
multiple reflections in the TM optical system and/or in the 
collimator and test equipment. Subsequent investigations 
show that the light leakage is due to unfiltered light and, 
therefore, cannot be entering thru any normal optical path. 

This was demonstrated by inserting various spare TM filters 
into the optical beam near the collimator source and observing 
the effect on the spurious signals. The evidence is as follows; 

1) Looking at a Band 2 Detector 2 spurious signal, a supplemental 
Band 2 filter attenuates the spurious peak by about 90%. 
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Spurious Detector Response... 


2) Looking at a Band 4 Detector 2 spurious signal, a supplemental 
Band 4 filter attenuates the signal by about 70%. When 
clear glass was used instead of the filter, the signal 
dropped by 10%. 

3) Looking at Band 1 Detector 2, a supplemental Band 1 filter 
causes all spurious signals to disappear. Insertion 

of a Band 4 filter attenuates the Band 1 signal by about 
70%; the same as for Band 4. 

Current speculation is that the observed effects may be due 
to radiation reaching sensitive areas of the detector array 
other tha.n thru the attached filters. Such abnormal paths 
could be thru the sides of the detector substrates or by reflect- 
ions fro.T. gold plated detector lead wires. The precise geometry 
of such effects is not presently understood. Dick Cline 
and Dave Randall will be consulted concerning array geometry 
with respect to possible light paths. 

Further investigation is planned and may include: 

1) Replacing the current tungsten filament slit/source with an - 
integrating sphere and slit with filtering that more 

nearly represent the sunlit earth source. 

2) Try a different slit size (currently 0.1 IFOV). A larger 
slit might increase the wanted signal without increasing 
the. spurious radiation. 

3) A more detailed survey of the aperture masking may be 
performed . 

4) Use more reasonable values of source current to more 
nearly simulate actual TM radiation inputs. In order 

to observe the spurious effects, lamp currents were increased 
by up to 50%. 

Since the last paragraph above was written, items 1 and 2 of 
the further investigation have been completed. The additional 
test results are as follows: 

1) The ribbon filament lamp was replaced with the 6 inch SIS 
that is normally used on collimator number 3. The primary 
purpose of this change v/as to try to level out the spectral 
radiance from the source to prevent Bands 1 and 2 (and 3 
to some extent) from being overexposed to longer wavelength 
radiation in the Band 4 region. 
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a) Looking at the B1D8 signal (100%) first, it was found 
necessary to use a 100 Hz filter on the output. The 
100% response (SIS @ 7.65A) was 360 mv(rms). The spurious 
signal amounted to less than 1 mv on a noise floor of 
-^1.8 mv ( rns ) . 


b) A check of 32D8 gave: 


100% response = 380 mv(rms) ® + .0074" 
noise + spurious = 1.2 mv 0.4 mv @ + 
noise + spurious = 1.2 rav+ 0.2 mv @ - 


( Y-pos . ) 

.0694" (Y-oos.) 
.0576" (y-pos.) 


c) A check of B4D8 gave: 

100% response = 360 mv{rms) # -.2216" (Y-pos,) 

The spurious response could not be found so it was 
decided to use a Lock-In A."plifier. Using a P.AR 186-A 
and processing the unfiltered signal from the Tustin 
inpuo gave the follov/ing data: 

100% response = 0.64 V dc (on 500 mv scale) $ -.2194" (Y-pos. 


Spurious response signals appeared to reside at coordi- 
nates -.1736" and -.1536". The signals were out-of- 
phase with the 100% signal and were on the order of 0.3 
and 0.4 V (rms) on a 2 mv scale. This gives a suppression 
ratio on the order of 1000:1. 


2) Changing the slit width from 1/10 IFOV to 1 IFOV (5 mils 
at the collimator focal plane) and still looking at 34D8 
gave the following results: 

new 100% response = 1.00 V dc (on 500 mv scale) 0 -.2810" (Y-pos. 

spurious response-^ 0.2 V dc (on 2 mv scale) 0 -.2340" (Y-pos.) 

spurious response ~ 0.3 V dc (on 2 mv scale) 0 -.3130" (Y-pos.) 

spurious response ~ 0.8 V dc (on 2 mv scale) 0 -.3450 (Y-pos.) 


Positioning the slit at 34D3’s spurious response zone (-.3450) 
and checking each detector's signal level gave even detector 
spurious response signals in the range 1.5 to 1.7 mv (rms) 
and odd detector response signals in the range 0.3 to 0.8 
mv ( rms ) . 


A similar 
signal at 
3 mv at a 
B1D2 gave 
a further 


check on BlDl using the e.xpanded slit gave a 100 
the band center with a largest spurious peak of 
displacement of -.0600 (Y-pos.). Even channel 
a spurious peak of about 4 this magnitude and 
check of BIDS gave 5 mv. 


mv 
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3) In adciuion, a detailed point by point scan was made for 
B4D3 over the range -.3600" (Y-pos.) to -.2100 (Y-pos.) 
in incre.ments of .0020". The spurious response signals 
showed up as expected at the locations indicated above. 
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Subject test failure revealed that Bar.ds 1 and 2 show secondar>’ peaks in 
scns:tivity well away frons tlie no~inal channel centers. 

A meeting was held on Monday, 14 June 1PS2, to determine what actions should 
be taken to resolve this failure. In attendance were: 

D. Ada~s , D. Brandsl'.aft , J. Campbell. C. Kent, L. O' Connell, A. Ferline, 

F. rhiilips, G. Flews, D. .Kandall, and T. Sciacca. 

Tne following actions and assignees were agreed to by the conferees: 


■notion 

1, Document results c* tests to date. 

2. Conduct special test - rerun tests using 
t«\o different aperture masks. 

5. Revievo-Protoflight BL-16 and BL-i" test 

results to determine if same condition existed. 

4. Review PFPA construction sources. 


As si. cnee 
J. Campbell 
G. Plews 

D. Brandshaft 


D. Cline (?)/ 
D. Randall 


The conferees will meet at S a.m. on Tuesday, 15 June, in Bldg Bll, Room 
A-Tll, to review the results/status of the action items listed above. 


F. R. Phillips/ Manager 
Thematic Mapper Program 
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Subiect test failure revealed that Bands 1 and 2 show secondar}' peaks in 
sensitivity well away fron the nordnal channel centers. 

A meeting was held on Monday, 14 June 1982, to deterraine what actior.s s.hould 
be taken to resolve this failure. In attendance were; 


D. AcanSj D. Ercndshaft, J. Cantibell , C. Kent, L. O'Ccmell, A. Ferline, 
F. Phillips, G. PleivS, D. .'ancall, and I. Sciacca. 


Th;e following actions and assignees were agreed to by the conferees: 


Action Assi.gnee 

1. Docunent results of tests to date. J. Cainpbell 

2. Conduct special test - rerun tests using 
two different upciture masks. 

5. Rev ie\'^'J’rotof light RL-16 and 3L-17 test 

results to dete:Tiine if same condition existed. 

4. Review P.^P.A construction sources. D. Cline (?J/ 

D. Randall 


G. Plews 
D. Brandshaft 


Hie conferees will meet at 8 a.m. on Tuesday, 15 June, in Bldg Bll, Room 
-A- 711, to review the results/status of the action items listed above. 



F. R. Phillips/ Manager 
Thematic Mapper Program 


LO/.f^RP/lbg 
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TO= D stributioti 


CC: 6- 


SUBJECT; BL-10 Clarif icatiocs 


DATE: 

REF: HS236-7398-I 
J. Lansing 

FROM: w. Sbockency 

BLDG. 774 MAILSTA. 79 
EXT. 4351 


HS236-6666 , Test Requirements for BL-10, Radiometric 
Calibration of Bd. 6, 29 April 1980. 

Introduction 


The purpose of this IDC is to clarify the method of determining 
^E7F (effective radiance shown in Appendix B^in referenced ICO, 

and to call out more explicit definition of the end points of 
the detectors transfer characteristics. Since the issuance of 
the initial IDC, more quantitative measurements have been made 
on both Che throughput of the entire TH instrument and the 
External Calibrator. 


II. Spectral Response 

Table C-1 of Appendix BB depicts the normalized response of 
the TM (from radiance input to the aperture to output of 
the Bd. 6 detectors) for the 3 expected temperature states 
of the CFPA, 90*, 95* and 105*R. 

The in Eq. 3 of Appendix BB is first applied to determine 

the TM response to an IDEAL BB. Once this is determined for 
a given IDEAL BB within the specified range of the 
TM (Lgpp 260*K to L^pp 320*K) , the External Calibrator BB 

(either the REE__ or MTF__) equivalent radiance is determined 

by applying equations A, 2, and 3. 

To clarify this process, the expressions relating L^pp an 

IDEAL BE, MTF__, and REF__ are given in Appendix BB, also. It 

DD DO 

is recommended that cables be constructed for I>£pp (IDEAL BB) 
and Lppp (MTF and REF^g) which will be useful in determining 
CALIBRATOR BB temperature commands for desired (IDEAL BB) . 


* This Appendix is superseded by the attached Appendix BB. 
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III. External Calibrator 


- 2 - 


The expressions In Appendix BB have been modified to show the 
appropriate transfer characteristic of the and 

Kote that Che EEF and MTF L-_- transfer equations are different 

r 

In that the optical paths are different. 

IV. Graphical TM Detector Model 

Th^. attached graph. Figure I, of Appendix BB Is a model of 
a typical detector expected transfer curve. The purpose of 
Che figure Is to show how points on the curve are to be 
determined— by calculation, measurements, or by derivation 
(a combination of measurements and calculations). The end. 
points on this curve which will be determined by temperature 
commands of the External Calibrator BB's represent specified 
equivalent SCENE temperatures. These temperatures are used 
as the boundary extremes throughout all testing In BL-10 ; 
therefore, any place in the BL-10 (HS236-6666) document end 
point commands are called out, the temperatures of MTF__ ■> 

251. 3*K and REF„„ » 323. 8“K are to be used. . 

DD 

V. NETD Calculations 


A. In reference document, pg. 16a, change. to 

Temp. BL/3T (KW/Cm^-SR-°F) Q CFPA - 90^K-105°K 
300 0.0137 ,013 1 

320 0.0164 

PftorarudfKT T*U6KT I 


B. 

In 

Kef. 

f pg- 

16e, change to 



1) 

Pm " 

0.85, 2) - 0.89, 3) 

C. 

In 

Ref. 

• pg- 

17f, - eliminate (f) 

D. 

In 

Ref . 

f pg- 

19, NETD 


L___ B effective radiance for IDEAL BB 
£Ff 

3L___/3t “ data base values 
> br r 


* Note the command temperatures to the External Calibrator BB's 
have been determined by applying the process described In I-III. 


APPEKCIX BB 
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A. Radlance/Tenperature Relations 


Several data reduction processes require conversions relating 
radiance and temperature from various thermal sources within the 
TM, Ideal BB, and External Calibrator. The following expression 
is to be used: 


L 

L 

X 

T 


1.19096 10’ 


(EXP 


1.43879 10 
XT 


- 1 ) 


spectral radiance In Vatts/cm^ 
ym wavelength 
temperature, *K 


sr - ym 


B • Radiance Calibration Deterialnations from External Calibrator 

The spectral radiance, '^EFF, -which is proportional to the TM 
multiplexer output is basically a function of two elements. One 
element Is the radiance from the Calibrator or an Ideal BB , and 
the other Is the effective transfer characteristics of the TM 
components . 

The first element may be expressed by the following equation: 


^CALIB/BB “ %ALIB^BBSlgg + " ‘’CALIB^BB^ SjM 

*^CALIB - 0.89 for Ref-„ , 0.85 for MTF,„ 

^BB - 0.995 

^TjBB Radiance of BB at Ti from (EqA) 

^CALIB ** CALIB 


2 . 
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The 

the 


‘'T2M 


radiance of the calibrator mirrors 
function of their temp.,*-?'* — a. T 3-&- 


(compoGlte) 






■"“r" 




second element has been determined by measuring the thrupuc of 
TM Instrument and is depicted in the following cable: 


1WPI..64T 

TM Thruput 

for Bd 6 


(2) A.., 

^N^CFPA 

CFPA 

CFPA A 

PL\C0^C^ 1 1 T6I 

Uum) / (90®K) 

(95°K) 

(105®K) ' 

7>eT.i,3 


10.2 .0306 

.0306 

.0306 

,03^ 

.024 

10.4 .409 

.409 

.409 



10.6 .836 

.836 

.836 

nS’i 

nys 

10.6 .919 

.919 

.891 

.•??4 


11.0 .998 

.998 

.838 

.m 

AIS 

11.2 .876 

.876 

.596 


.^?5T 

11.4 .907 

.803 

.367 



11.6 .891 

.685 

.247 


.42^1 

11.8 .721 

.437 

.166 


.477 

12.0 .437 

.260 

.114 

.^(4 

.47^ 

12.2 .262 

.164 ■ 

.09 


.45^r 

12.4 .094 

.067 

.003 

.s-4f 

.S44 

12.6 .006 

.004 

— 


.d)46 

12.8 .0008 

.0006 

— 

,oo2> 

><:>o4 

The effective spectral radiance, 

is calculated 

from the 


following : 





- E(l) (2) AX 



(Eq 

■ 3) 

Z(2) AX 

• 





AX - 0.^(from 10.2 

to 12. ^m) 
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The calculations for (1) in this equation use the actual measured 
temperatures, T^, of the mirrors in the calibrator, ' 

Takey,average of^calibrator mirror temperatures using telemetry 
numbers — a n d 2 - 7i This is required in the data reduction, 

printouts, and plots wherever is called out for either the 

MTP or REP blackbody. 

the above effective radiance cakes into account the actual spectral 
shape of the TM transmission and detector responsivicy , This 
effective radiance can be translated to scene temperature by 
substituting an IDEAL BB for Che (Eq. 1) and finding the temper- 
ature of Che BB which gives the same effective radiance as Che 
calibrator. Conversely, particular temperatures of interest 
can be substituted to find effective radiance. 


Or' , 


(£^.4) 




'Tcr^er/)^ 


a?a.i^3 p-*t.2,4 

(^"9 • 162 - kono 3 

1-Z54.3 K'l.Goni i2.^.?r 


K, = 5^2.7 

17.^3. 1 

\05IC . Kr ■7‘i--5T 
Kj_= 1311.1 


$CK.vy\e^ (x<, 




^OK 




rciJ l+i W FI. 


D 
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TM RESPONSE TO IDEAL BB 


I (1) (2) AX 

X I 

I (2) AX 


Sb.temp 


X* 


1.1 9096><10‘’ 

1.43879vflO^ 


(EXP 


XT 



In watcs/cm^sr ym, X 


ym, T240 to 340®K 
in 5®K(INC) 


AX “ 0.2yffl 


(2) (See Attached Table) and calculate for 

TM 0 90°K, L„__ ym 5°K(INC) for 240 to 340®K 




-T 
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TMHESPONSE..XO REF?;B/CAJ*IB., 


(TM) 

EFF, CALI3 


Z (1) (2) AA 


Z (2) AX 


(2) See Attached Table 0 TM (90°K) 


CD L 


CALIB/REF 


BB 


» (0.995) (.89) L ( 

BB. 


) -t* U - .995 (.89)1 




. 10 . 2 ^ 

L ' 8 ^ 

¥«297 (oA 7^ /V Af/>£a^pi^ ^S) 

Calculate (1) for ■» 325, 320, 315,' 

c 

300®K,' 322.7 


TM RESPONSE TO MTF^_/CALIB 


In Above Process, Replace (1) by Following: 

, 10 . 2 , 


(1) L 


CALIB/MTF 


BB 


- (0,995) (.85) L.J. (iJie^ + [1 - .995(.85 )]Lt-/^ 


‘MTF 


. 10 . 2 . 

L ^12 . 8 ^ 

Tji.- 297 ^0^71 Api>EAJDnc Sb\ 
M ^ 


Calculate (1) for T 


MTF 


240, 

247 , 

260, 

300, 

315, 

251, 

325, 

320, 

255, 

297, 

305 

' 


TM Z (1) (2) AX 

'EFF -• Xi 

CALIB j. X2 

A 1 





UfS-t 70 ^\ - 


) ^ 


ftjrOtrSe>9 


“T^/s Xrstf, /s 

/*7£fiSu/fst> 2ifrA-yy'^/^/^ocsT/yAt ^ 


CfiLcui.nT& 
f>sc€A/e f»n. 

PCR. 


CAIO 


^FJFoasSS 7f^ 7a SC^a/^ ^/OEA t- ^ '"^AACvlAT^O 

II '• ••To ^T, ^ALfB ^ 

•• •• •• /A/r^t 3 .^j>CR. .. / „ 
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INTERNAL MEMORANDUM. 


TO: 


Distribution J 


CC: L, Linstrom (GSFC) 
0. Weinstein (GSFC) 


DATE: June 3, 1932 

HS236-8013 
SED 111 


SUBJECT: A Band 6 Calibration Problem 


FROM: J. Lansing 


BLDG. Bll MAILSTA. 40 
EXT. 6261 


A recasting of the equations governing band 6 performance 
has led to a novel means of assessing the quality of the band 
6 calibration data, which data now appear less promising. 

The TM gain is defined as 


G 


g ^sc2 " ^scl 
^sc2 “ ^scl 


( 1 ) 


where Q = output signal, counts 
L = radiance, mW/cm^ -sr 
scl, sc2 designate two scene elements 


If TM band 6 views a scene giving exactly the same signal 
as obtained from the shutter, the scene radiance (L u) will 
conform to the following equation; 


■'esh 


“t * = Wh''sh 


( 2 ) 


where p = reflectance 

V = view factor relative to scene view factor 
e designates scene equivalent 
sh designates shutter 
t designates telescope 


Equation (2) is based on the fact that the detector's view of 
the shutter is replaced by a combination of the scene and a 
number of internal telescope parts when the shutter is aside. 
Lumping all these as "telescope" is a simplification which does 
not affect the present argument. Detailed consideration of 
the parts is shown in HS236-7434. 


A similar equation can be written for the internal blackbody; 
'•ebb»t: = ‘•bb''bb».ta, * ''bb> * '•.h''bb<l-».hm> 


where 


bb designates internal blackbody 
shm designates shutter mirror 


( 3 ) 


/ 
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The first tern on the right of equation- ( 3 ) is the Halackbody 
radiance reflected toward the detector, the second term is the 
amount of shutter radiance from areas beyond the mirror, and 
the third term is the radiance emitted by the mirror. 

Making substitutions in equation (1) 

G = ^bb ~ ^sh ‘ (4) 

^ebb ■ ^esh 

Solving equation (2i for L ^ and (3) for L . u, and substit- 
uting in (4) gives 

G = *^bb ~ Qsh 

^^bb ■ ^sh^'^bb'^shm'^'^t 


Setting t.his equal to equation (1) gives 


'^bb^^shm^^t 




^sc2 ~ ^c l 
^sc2 ” ^scl 


The left hand side of this equation should be constant, although 
V. b might be slightly different from one channel to another. 

All of the quantities on the right hand side are available as 
a set at a number of times in the El Segundo thermal vacuum 
test, where the two scenes are presented by the external 
calibrator, using the reference and MTF blackbodies. An attempt 
was made to determine the constant oy using all sets wherein 
the internal blackbody was at its maximum temperature and the 
external blackbodies had at least 30®C temperature difference. 

Both of these conditions aid accuracy. 

The results are shown in Table 1. Some variation would 
be expected because of noise and the size of quantization steps 
in the several quantities used in the calculation. The effect 
of these on the constant is estimated at 1.5% to 2%. Substantially 
larger effects are apparent, for example the difference between 
channels 1 and 4 which goes from 1% on day 259 to about 10% on 
day 266. The cooler was heated up for outgassing between 
days 262 and 266, but this should not affect the constant term. 

The shifts in values mean that the calibration of this 
band is not amenable to the treatment recently attempted, which 
was a search for correlation of signals with various telescope 
temperatures. 

The influence of telescope temperatures is obscured, as 
can be shown by solving the equations for scene radiance in 
terms of internal blackbody and shutter quantities, starting 
with the gain written as 
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Day 

Time 

Ch. 1 

Ch. 4 

% 

259 

10:08 

1.372 

1.385 

1 

259 

10:54 

1.343 

1.353 

1 

259 

11:27 

1.366 

1.381 

1 

262 

10:39 

1.434 

1.441 

0.5 

266 

02:46 

1.296 

1.404 

8 

266 

07:50 

1. 323 

1.434 

8 

266 

12:45 

1.308 

1.447 

11 

266 

18:13 

1.280 

1.421 

11 

266 

22:55 

1.329 

1.451 

9 


T able 1 ^bb'^shm'^^t 
protoflight thermal vacuum test 


G = ®sc ■ “^sh 


- L 


esh 
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(7) 


Substituting from (2) and (5) gives 


=■ '°sc - °sh' 


- L 


■"bb 


- Q 


sh) V, , 0 , /p. + L wV . /p^ - 
bb shm^ t sh sh'^ ^t 


sh 


LtVt(l/Pt -1) 


( 8 ) 


from which it is observed that variation in ''^hh^shm-'^^'- 
feres wiuh observation of effects from the last term, “which 
contains telescope temperature effects. 

The source cf the variation in knovm, but 

suspicion falls on V. ^ because reflectance Tp) variations of 
this sort are unlikely. V. , xs a functxon of the geometry of 
blackbody viewing by the detectors via the shutter mirror. This 
conceivably can be affecred by the oprical masks in the pauh, 
which are the edges of tv/o openings in a small enclosure mounted 
at the mirror. This part is designed to prevent stray reflections 
which might interfere when the detector should be viewing the 
shutter. The part is sraall and mounted on the end of the 'moving 
shutter, suggesting the possibility of error due to small location 
shifts whicn could vignerte the channels differently. Such 
shifts might, for example, be caused by changing sets in the 
flex pivors. ’ 

It should be emphasized that the preceding paragraph is 
very conjuctural. 

To use the band 6 data to best advantage in view of this 
problem, it appears that absolute calibration could be based on 
average response to the internal calibrator over all four 
channels. Then the channel-to-channel balance might best be 
based on relative gains between channels as determined in thermal 
vacuum testing combined with a study of channel differences when 
viewing uniform scenes. 


r. I.ansing 
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SANTA liAKBARA RLSLARCH CLNTER 

^ of ^us*‘ti A»rcfsft Compso^' 

INTERNAL M E M O R A N D U M 


TO. J. Engel 


CC: A. Gardner 
R. Hunreer 


SUBJECT: An Alternative NT” Approach - 

Phased Knife Edge 


DATE: 12-3-79 
REF: KS236-6314 

FRO.M: J. B. Young f3) 


BLDG. 

EXT. 


MAIL STA. 


INTROPUCTIOK 

Many concern: 
tier. t of NTF : 
are based up( 
In addi t ion : 
HS236-5917 
24 August 19: 
e.'. 0 e d r.eno i< 
systec has a; 
curvature in: 
calibrator f ; 


:e be< 
:he T; 
is t p: 
:b e r ( 
’uare 
One i 
; fad 
:iabl< 
;c e s < 
angle 


en expressed on the adequate ceasore- 
M prograa. In part these concerns 
rogran problems, especially MSS. 
of possible problems t.*ere raised in 
Wave Response Evaluation" dated 
area that was not noted in the refer- 
t that the TM calibrator optical 
e field curvature. This field 
a variable MTF across the usable 


The phased knife edge approach was initially generated 
because of the field curvature effect. The intent was to 
devise a retic.le pattern that would cover a significantly 
smaller calibrator field angle than the current P/N 73209 
Reticle, Modulation Bands 1-5,7. The resultant reticle 
pattern is depicted in SBRC Drawing S76770 Reticle, Phased 
Knife Edge Modulation Bands 1-5,7. 


PHASED KMIFE EDGE PATTERN 



Figure 1 illustrates the basic concept being employed. 
Adjacent leading knife edges (KE) have 0.1 IFOV phase 
shift. This is equivalent to saying the distance between 
two adjacent leading KE is (2n + 0.1) 0.007225 inch, 
where n is an integer and 0.007225n is the width of a 
space. The phase relationship assume the TM MUX samples 
once per dwell time. 

Table I shows the relationship between n, reticle extent, 
and calibrator- field curvature. Drawing v76770 has been 
drawn for r.=5 and 8. A part with n=5 should be capable 
of measuring optical and nominal electrical MTF. If 
here are major electrical effects, c.g., excessive 
overshoot, it may be necessary to have n-8. 
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Page 2 
HS235-6514 

An Alternative MTF Approach - Knife Edge (Phased) 
J. Young 
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PhAScP EPGE Re-TiclE 


TABLE I 


RELATIONSHIP BETWEEN n, RETICLE EXTENT(Ay) , FIELD ANGLEOj^y 
FOCAL SURFACE CURVATURE SAG(Az) 


bB.8 

12 . 

Ib.l 
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MTF Approach-Phased Knife Edge 


PJIASED KNIFE EI'GE USAGE 


Figure 2 is a graphical representation of the phased KE 
reticle. It is folded for convenience. -Note, that each 
leading KE is numbered J = 1 , 2 , 3 , . . . 9 . Data sanples 
(najer franes-MF) are also numbered, e.g., ^5F23100-3180 . 

There arc 6320 xajor franes per channel per scan line. 

Thus, Figure 2 represents a segment of a scan line near 
its center. Two cases (I and II) vith different phasing 
betv;een KE and I-'F sampling are graphical illustrated 
in Figure 2. The knife edge response (KER) half intensity 
points occur at major frames MFj=3118 and MF^j=3167 for 

cases I and II, respectively. 

By inspection of Figure 2 we can readily see that the 
data stream must be rearranged to construct the desired 
KER. Table II has been constructed from visual examination 
of Figure 2. 

For convenience the angle is made zero at the half intensity 
point and units of (J are in terns of IFOV. This convention 
is arbitrary and others nay be deemed more suitable. Table 
II has been made for +1»5 IFOV. This range could be as 
great as + 2.0 IFOV for n'»4. If n wera made greater 
larger angular regions can be covered. 


KER CONSTRUCTION ALGORITHM 

The desired KER can be constructed using the following 

method . 

1. Search through data stream, locate maximum and minimum 
signals . 

I. Calculate half intensity point by 1/2 (Max-Min) + Min. 

3. Search through data stream and locate major frame that 
has signal closest to half intensity point (use only 
leading edge). This gives MF^=3118 and MFjj»3167 

4. Note leading edge (J) at which half intensity occurs. 

II 


For cases 1 4 


II 


9 


H 


IM* I ri I ' M f * r/.i I > 




ni I , t I I I i»i •' »». J f I 


^^P *3105 


*\F = 31 iS 


3I3S 


MFs3lfS 


s\ss 


|V\F5 3«bS 


! I 


I sns" 

10 


FiG.2. PHaseD KE.' reticle with cases x +3 


HF/K£!?HasiA) 6 ^ 


! I 


! I 


I I 


SI * 30 ^^ 




TATJLE II 


KER CONSTRUCT 10 A- FOR CASE I and II 


MF 

Case I 


MF 

Case II 


'■ 0 8 


3157 

3125 

3149 

3117 

3141 

,3109 

3133 

3101 

3125 

3174 

3117 

3166 

3109 

3158 

3101 

3150 

3174 

3142 

3166 

3134 

3158 

3126 

3150 

3118 

3142 

3110 

3134 

3102 

3126 

3175 

3118 

3167 

3110 

3159 

3102 

3151 

3175 

• 3143 

3167 

3135 

3159 

3127 

3151 

3119 

3143 

3111 

3135 

3103 

3127 

3176 

3119 ■ 

3168 

3111 

3160 

3103 

3152 

3176 

3144 

3168 

3136 

3160 

3128 
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Page 6 
HS236-6514 

An Alternative MTF Approach-Phased Knife Edge 
J. Young 


5. The following algorithm is for our cases where 
n=4 IFOV 

use MF = !-;F(1/2) - 10(2n)({) 

if MF(l/2)-(J-l)2n-2<MF<UF(l/2)+(10-J)2n+2 

use MF=MF(l/2)-lC (2n)<{)+10(2n+0.1) 

if MF<MF(l/2)-(J-l)2n-2 when 

MF=MF(l/2)-10(2n)<) 

Use MF=MF(l/2)-10 (2n)«-10(2n-f0.1) 
if MF>>;F(1/2) + (10-J) 2n+2 %,?hen 
MF ° MF(l/2) - 10(2n)(J) 


The above algorithms satisfy cases I and II. It is not 
known if the algorithms are completely general. 


After the KER has been generated it can be converted to KTF 
by differentiating the KER and taking the Fourier Transform 
of the resultant line spread function (LSF) 


LSF(y) 

MTF(f ) o 
s 


“ Sker 

-Dy 




(ELSF(y)sin2TTfgyAy) ^+(ZLSF(y)cos2nfgyAy) ^ 
ELSF(y) Ay 


a 


1/2 


COKCLUSIOK 

A phased knife edge reticle pattern has been described that 
will permit KER data to be obtained at the TM-TM calibrator 
configuration with scan mirror operating. Algorithms have 
been developed to permit KER construction via computer 
data reduction. The linear extent of the phased knife . 
edge (DWG. f'767 70) is significantly smaller chan the current 
MTF patterns (DWG . r 7 3 2 09 ) and thus the deleterious effect 
of the TM calibrator field curvature is reduced. 
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SANTA BARBARA RESEARCH CENTER 

A Sut>%tdf9fY of Hughes AifCreH Compeny 

INTERNAL MEMORANDUM 


CC: A. Gardner 
R. Humner 


J, SUBJECT: An Alternative MTF Approach - Phased 
< Knife Edge - Addendum 


DATE: 12-10-79 
rEF:’ HS236-6514-1 

FROM: J. B. Young 


BLDG. 

EXT. 


MAIL ST A. 


Ref: HS236-651A entitled "An Alternative MTF Approach - 
Phased Knife Edge 


The methodology described in the referenced memo for KER 
Construction Algorithm was not general enough. In fact 
it did not cover all aspects of Cases I and II. A more 
complete method is given below. 

KER CONSTRUCTION ALGORITHM 

The desired KER can be constructed using the following 
sequence . 

1. Search through the data stream, locate maximum and 
minimum signals. 

2. Calculate the half intensity point S(l/2) which is 
equal to S(l/2) •= 0.5 (Max-Mln) + Min. 

3. Search through the data stream and locate major frame 

(MF) that has its signal closest to half intensity 
point, S(l/2). (Use only leading edge) From Figure 
2, referenced memo, we have MF^ “ 3118 and “ 3167. 


4. Rote leading edge (J) at which half intensity signals 
occur. For cases I and II 

Jj(l/2)* - 3, Jjj(l/2) - 9, 

5. A KER function is desired. This function consists 

of an ordered set of signals. S(l) with the corresponding 
associated angles <Ki) . By "ordered* set" is meant 
as 4>(i) becomes more positive S(i) becomes greater. 

6. The data stream (MF) must be rearranged to achieve 
this KER function. Thus, we need to have the following 
data set 

MF(i) , (fi(i) ,• S(i) 


Vhcre MF is a major frame number. 
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Determine the naximutn and clnimum major frame within- 
this data set. These values will depend upon the location 
of the half intensity signal major frame, MF(l/2). 

MF(Min )=MF(l/2)-(J(l/2)-l) (2n+0.i)-0.5n 

MF(max) « MF (1/2 ) - ( 10-J (1/ 2 ) (2n+0 . 1) +0 . 5n 

Now all signals, S(i), used in the KER function must have 
associated major frames, MF(i), such that 

KF(min) < MF(i) < MF(max) 

The phased knife edge pattern cycle extent is given by 
2n -I- 0.1. 


The relationship between MF(i) and 4>(i) is 


T'n 


MF(i) = MF(l/2) + 


c>(NF) 


<{►( 1 ) 


-tjn 

MF(i) = MF(l/2) - 10(2n)4>(i). 

Additional selection rules are: 

If MF(i) < MF(min), calculate 

MF' (i) = MF(i) + 10(2n + 0.1). If 
MF'(i) ^MF(min), use it. If 
MF'(i) < MF(min) calculate 
ME"(1) - MF'(i) + 10 (2n+0.1). If 
MF"(i) ^MF(min), use it. If 

MF”(1) < MF(min) continue the same type sequence < 
If MF(i) > MF(max) calculate 

MF'(i) - MF(i)-10(2n+0 .1) . If 
MF'(i) < MF(max), use It. If 
MF’(i) > MF(max) calculate 
MF"(i) - MF’ (i)-10(2n+0.1) . If 
MF"(i) ^MF(max), use it. If 

MF"(i) > MF(max) continue the same type sequence*. 
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It is emphasized that the relationship 


quality 


C M ?( l )^ 

1 ) or MF’ (i)L < 

A >» «• r* II X j V I 


MF(nin)_ 

or MF"(i) ( 
or 

must be satisfied. 


(^or etc J 


MF(max) 


J 



I believe the above Aleorithm to be general 
exhaustive checks have not been madcf 


However 
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Vi ); R. Cline 

CC: 

DATE: 

5-21-79 




REF: 

HS236-®^‘‘* 


L'BJECT. Square Wave 

Response From Edge Function 

FROM: 

P. Thurlow 



BLDG, 

MAIL ST A. 



EXT. 




It Is desired to obtain square vave response (SV.’R) of various 
T” - associated optical systens. SWR can be corputed directly 
fron neesured knife edge (KE) data, vlthout going through 
intermediate steps of line - spread - function, MTF , etc., 
by using the following numerical integration method-- 


€ 


( 1 ) 


( 2 ) 


(3) 


Assume a data file containing 
K knife edge response values, 

I (M), at knife locations, X(M). 
(The X(:i) need not be equally 
spaced, and I(M) (Maximum) 
need not be normalized to 1.0) 


For a single spatial frequency, 

V, superpose a sufficient number 
of Sk’R bars across the KE function 
to cover the KE range from 
minimum to maximum KE . 


Find the uiiobscured area of the 
associated line spread function 
by taking differences of KE 
Intercept values at the bar edges 
for each of the unobscured areas 
of the KE function. Sum those 



differences, calling the sum Sj^(v). In the illustratior- 

Sj^(v) = (1(2) - 1(D) + (1(4) - 1(3)) + (I(6y-- J(S^’ 

In general, KE data points will not correspond with^'lntercept 
locations, and a linear interpolation would be appropriate 


to obtain KE function values at Intercepts. 


(4) Analytically, shift the bar pattern 0.01 cycle of spatial 

frequency (right or left). Repeat step (3), finding S 2 (v). 

Continue, shifting bars in the same direction by .01 cycle 
increments, covering one complete cycle of bar pattern, 
and generating S^(v) Sj^qq(v), * , ^ 


c 


/ 


f c 


(5) rind ? ( v) and S values out of the 100 S (v) set. 

(6) Ccn.pute SV.'R = S (v) ina>: - S (v) min 

S(v) isax -h S (v) Clin . . 

(7) Repeat steps (2) thru (6) for other spatial frequencies of interest. 

(8) Store and print a table of SlvR (v) VS. (\>) 


‘r 

I 

- C 

.' f- 


S\7R (v) 


Since cor.putations are executed at nenory speed, the overall run tine, 
for bar patterns -^1 to 100 bars per KE range, should not be excessive. 




Paul Tnurlow 
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TO J . V o u n g 


CC: R. Cline 

J. Engel 
Optics File 


stBjtCT: SWR for T.M. Engineering 

Model Detectors After 
Deconvolution of 
Calibrator Blur 


DATE: 5 June 1981 

REF; 2221.310 

H5-Z36 

FROM: p. Thurlow 


BLDG. 7 74 MAILSTA. 7 8 
EXT. 4267 


•An attachsent shows prelicinary SWR values for Band 1-5, 

7 of T.M. Engineering Model detectors. The SWR per band 
are averaged over those detectors which appeared to be 
operable and produced a reasonable clustering of SWR 
values. The degree of clustering obtained is indicated 
by the associated sign a values. 

To obtain true SWR for the EM, spot broadening introduced 
by the calibrator nust be accounted for in soce way. If 
we were dealing with .MTF instead of SWR, the procedure 
would be to divide conbined EM-calibrator MTF by the 30 
neter bar, calibrator measured MTF of 0.S8. This would 
elevate the EM MTF by a factor of 1/.88 or 1.136. 

In the case of deconvolving SWR numbers, we do not have such 
a simple rule available and will resort to blur si.^.e analysis 
to produce a SWR enhancement factor comparable to the MTF 
enhancement factor. One might expect the SWR factor to be 
larger than the MTF factor by reason of the steeper slope 
of SWR versus blur size as compared to a lower MTF slope 
value . 

Blur Size and SVJR Analysis 


(1) Compute Calibrator Blup Diameter, 8: 

Use a 30 meter bar calibrator MTF •» 0.38. From Smith, 
figure 13.51, p.405, MTF = 0.88 at a (v) (8) product of 
about 0.30, where V= spatial freq. in cy:les/rad and 
8 = blur diameter in radians. A more accurate value 
of j3 is obtained using Smith, eq. 11.43, p.320: 
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ORIGlim PAGE fS 
OF POOR QUALITY 

The .6802 MIF sh^old be close enough to avoid further 
cxcrepolation neesures. Therefore; 
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(2) Ccnpure blur s^v/cal --'--calibrator combination, 

usi.-.g a rough value of SVR = 0.270 fro= the attached 
set of 5I.'16 :te£sure:;ents * 

• ^ ^ ^ ^ ” X 7^ — ^ ^ %** t ^ ^ 
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If spot fractional area is exposed at Ssax, and £2 is 
exposed at Sain: 
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(3) De-convolve calibrator blur from cocbined blur to get 
EM blur. This involves an assumption that the blurs 
combine as RSS, which is reasonable, but perhaps should 
be verified In detail. Using that assumption: 
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(4) Find cbscuratlcn area and SVR for EM blur: 
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C c r. c 1 •■: s 1 c n 

Free the a b c v e , it v o u 1 d appear chat the S V F> enhancement 
ratio by calibrator blur cecen volution should be the order 
of . 34 /. 27 or 1.26. 

Applying this factor to measured ^’•'^£^yCAL' 


Band; 

2 

3 

4 

5 
7 


SVR Before 

Calibrator Deconvolution 
. 2 80,1 

.2718 

. 2388 

.3014 

.2439 

. 2927 


SWR After 

Calibrator Deconvolutic 
. 3529 

. 3425 

. 3008 

. 3797 

.3073 

. 3688 
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ESCI^iEERING ^ODEL SQUARE WAVE RESPONSE . 
SIKV.-.RY OF RESULTS TO 2 JUi.E 1981 


ea;;d 

_1 


SWR 

(3 30 METER EAR 

trSWR 

* C 

Ave r a ge able 

Detectors 

< • 

0.2801 

0.0168 

16 

A V e r a g e a b 1 e 

Detectors 

0.2718 

0.0214 

1 1 

Ave rage able 

Detectors 

0.2388 

0.0243 

i: 

A. V i r a g e a b 1 e 
1 

Detectors 

0.3014 - • 

0.0212 

n 

A 

EAI.D 

Averageable 

± 

Detectors 

0.2439 

0.0029 

CB 

EA!.D 

D) Ave r a gea' 
7 - 

ble Detectors 

(TBD) 

(TBD) 


5 Averageable Detectors 


0.2927 


0 . 0*439 



